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INTRODU<.;·rLON TO REPORT uN 'fHE 

ELECTRONIC NUMERICii.L INTEGRI<TOR ~TO COMPUTOR (EN!lt.C) 

0, INTRODUCTIOII 

follows: 

The Report on the ENIAC consists of five separately bound parts, as 

1) ENIAC Operating Manual 

2) EN:U.C Maintenance Manual 

3) Part I, Technical Description of the ENI"-C 

Volume I - Chapters I to VI 

4) Part I, Technical Description of the ENIJ,C 

Volume II - Chapters VII to XI 

5) Part II, Technical Description of the EN!hC 

Included with the Operating Man~ and Parts I and II of the Technical Descriptic 

are all drawings (see Table 0.3 below) which ~re required for understanding these 

reports, Tht: Mainten3.nc" Manual assumes access to the complete file of E.NL..C 

drawings, 

Part I of the Technical D.;scription is intended for those who wish 

to have a general underst:•.nding of how the ENit,.C works, t•ithout concerning them-

selves with the details of the circuits; it assumes no knowledge of electronics 

or circuit theory, Part II is intended for those who require a detailed under-

standing of the circuits. Its organization, to a great cxtent, duplicates that 

of Part I so as to ma.k;; cross r~Jfi3rencing between th·~ two pe.rts easy, 

The ENIAC Operating Manual contains a complete set of instructions 

for operating the ENIAC, It includes very little ;;xplanatory material, and 

hence c-.sstunes familiarity with Part I of th;; Tcchnic.U Description of the EN:U.C. 

The ENIAC Maintenance Manu.s.l includes description of the various test units and 

procedures for testing, as well as a list of common <md probable sources of 

trouble. It assumes a con~l0te understanding of the circuits of the ID~!hC, i.e., 

a knowledge of both Parts I and II of the T.Jchnical Description of tho ENL',C, 

Jl 

r: 
I ~ 
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"i 

•I 
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2 ' 

The Report on the ENIAC and the complete file of ENIAC drawings 

constitute a campleto description and set of instructions for operation and 

IIU\intenance of the machine.. The drawings cerry a number of tho fonn PX-n-m,,_ 

The following tables give the cL~ssification according to this numbering syst~m. 

Ti.BLE 0,1 

Values of Division 
n 

1 General 

2 Test Equipment 

3 Racks and Panels 

4 Trays, Cabl\'J.s, i,duptor.s, and Load Boxes 

5 Accumul:. tors 

6 High Speed l!ultipliar 

7 Function Tabi<3 

8 Ma.stv r Progrru:vner 

9 Cyeling Unit and Initiating Unit 

10 Dividvr and Squar.c Rooter 

11 Constant Trunsrnitter 

12 Printer 

13 Power Supplies 

TABLE 0,2 

Values of Subject 
T.l 

' 

101-200 

' 
Wiring Diagrams 

201-300 Mcch~.rdoal Dr:lwings 
,01-400 Report Drawings 

401-500 Illustration Problem Sot Uns 

i 
! 

I 
i 

r! 

II 
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The reader of this report will be primarily interested in the types 

of drawings listed in .the following paragraphs, A ~able on page 4 gives the 

corresponding drawing number for each unit of the Ei'!Il.C. 

1) Front Panel Drawings. These drav.ings show in some detail the 

switches, sockets, etc,, for {l!l.Ch panel of each unit, They contain the 

ess~:ntial instructions for setting up a problem on the ENI1.C, 

2) Front View Drawings, There is one of these drawings for each 

kind of panel used in the various units of the E!H~•C. Thesa ·show the relativ~: 

'position of the trays and the location of the various neon lights. Since these 

drawings show the neon lights, they can be used to check the proper operation of 

the various units • 

.3) Block Dia.grarns. Thes<J dr."-wings illustrr;.te the logical essentials 

of the internal circuits of each unit, That is, r.osistors, condensers, and 

some other electrical details are not ·shown; but complete: channels (po.ths of 

pulses or gates reprusenting nucbers or program sign~>ls) are shown in all thGir 

multiplicity. These, dra.wings will be of interest to thoso who are interustcd 

in Parts I and II of the Technic'll Report. 

4) Cross-section Diagrans. These dra.~ings are electronically 0omplet 

except that only one channel is shown where there is more than one, Thus, these 

drawings show every resistor e~d condenser and ~ other electronic elements 

belonging to any circuit, These dra.wings will be of particular interest to 

the maintenance personnel and to those rerc.ding Part II of the technical report. 

5) Detail Dra'llings. All oth"r drawings of the Ei'II.i..C como under 

this heading, A complete file of drawings is available at the location of the 

Et!L.c •. 

i 
I 
'I 



Unit Front Panel 

Ini tia.ting PX-9-302 
Unit 9~302R 

Cycling Unit PX-9-303 
9-J03R 

J,ccur.IUlator PX-5-301 

Multiplier PX-b-302 
6-302R 
6-303 
6-J:OJR 
6-)04 
6-J04R 

Function Table PX-7-302 
7-302R 
7-303 

DIVider and ~-· PX-10-301 
Sguare Rooter 10-301R 

Constant Trans- PX-11-302 
mitter ll-302R 

11-303 
11-303R 
11-304 
11-30/f!l. 

Printer PX-12-301 
12-301R 
12-302 
12-302R 
12-303 
12-303R 

Master Pro- PX-8-~1 
gra.r.mer 8-301R 

8-302 
8 .... 302R 

Table 0.3 
ENlhC JJRA,UNGS 

Front View 

PX-9-305 

PX-9-304 
PX-5-305 

PX-6-309 

PX-7.,-305 

PX-10-302 

PX-11-306 

PX-12-306 

PX-8-303 

Block Diagram 

PX-9~307 

PX-9-307 
PX:..5-304 

PX-b-300 

-PX-7-304 

PX-10-jj4 

PX-11-307 

PX-12-J07-

P'A-B-304 

.. 

other drawings of particular interest: 

Floor Plan PX-1-302 IBM.Punch and 
;, • C ~ Wiring PX-1-303 Plugbo"rd 

4 

Cross - Section 

-
?X-5-115 

PX-b-112& 
6-l12B 

PX-7-117 
7-118 

~· 

PX-11-llb 
11-309 

· (C.T. and R. 

PX-12-115 

PX-8-102 

PX-12-112 
PX-12-305 

IBM Reader and PX-11-119 Pulse .. r.1plificr ·.end PX-4-302 
plugboard PX-11-:30 5 Block Dio.gran PX-4-301 

Interconnection of Hultiplier end i.ccumulators PX-6-311 
Interconnection of Divider ~1d ~ccumulators PX-10-307 

' ,. 



The front viow ~e.wings and the hrge front panel drawings (whose 

numbers do not end with "H.") 11.re bound as a ~la.rt of the Operator• s Manual, 

Included with the report is a folder containing all the drawings 

listed in the above table ~;~xcept the· large front panel (see above) . dr,twings, 

1, GENERAL INSTRUCTIONS l''OR OPEP.,.\TING PERSO!JNEL 

1, Inform mo.intc<nance personnel immedi:;,tely of c.ny trouble and note 

s~~ in the'log book, 

2. Occu.sic>nally chock the filament fuse indicator lights (r•afer to 

front view drawings bound in this volwnG); if e~ny ~:>.ro out turn off the d-e power 

(switch is located on a-c distribution panel, so"> PX-1-304), 

3. If ENI;.C shuts down fron ov"rho€;.ting do not try to rest:;rt; call 

maintenance p<:lrsonnel, If Lny pn..nd runs consistwntly much hottt.r than the 

others, do the sane, 

4, The d-e power should. be turned en only with operation switch 

(either on cycling unit or on the hand contr·)l) turn•;d to "continuous", f.fter 

tho d-e has been vn .,, f::m seconds it nay bu turrwd t') either c.f the other two 

positions. F3.ilure to follow this rule causes Cllrt::tin d-e fuses to blow, -240 

and -415 in particular, 

5 • i•s a general n1l!.ttcr certrin units net beil1g used uny have th"'ir 

heaters turned off. In such c~tses it is unneccssc.ry tn rcr~ov<: the d-e power or 

even to turn off the d-e power when turninG on these> units. On the other hand th· 

three panels of the constant transmitter must be turl".cd on or off simultnneously, 

6, Do n•)t remove c.nJ' covers 1 front ''r b::.ck, 

7. De.; not ''Pen d-e fusu clibinet with the d,..c power turned on, This 

ncr. only exposes .:J. pc..rson to voHa{>e differences of around 1500 volts but tne 

.... 

•:' 



person m~~ be burned by flying pieces of molten fuse wire in case a fuse should 

blow, 

8, Padlocks are provided for locking the d-e power off, Lock the 

power off and carry the key with you as long ~s you are working on the machine, 

9, Do not remove accumulator interconnector plugs, or function table 

or 1!1.1 machine connector cables, while the d-e is on, All other front panel 

plugs may be safely Jl\OVed while the power is on, 

10• Do not pull directly on wire or cable; always use the plug case 

as a grip, 

11, Do not put sharp bends in cables or hang anything on them, 

12, · Do not leave cables d<-mgling on tb~ floor, 

13, Do not pound or force plugs; if they do not respond to steady 

pressure notify mt1.intenance personnel, 

14. Do not l~·av\l IBM ~able connectors or portable function table 

connectors lying out in the open .. kcop in the rece;ptacles provided, Also, make 

use of the rumps to protect the cabl,,s of ~ny such units which ;;.re connected to 

the ENIAC. 

15, Do not forco any switches, 

16. Keejil the door to the roam closed to keep out dust, avoid stirring 

up or producing dust, 

17, Always move the portable function tables with care, Keep the 

brakes on when not moving them, 

2, PROBLEM SET UP REMARKS 

2,1, tlliED FO~ SYSTEl!:.TIC CHECKS 

6 

Since tho Er-TIAC m..'\kes use of a hierarchy of channels (first, in that a. 

j!, 
::I 
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number of units m11y be c&rrying on comput!'.tions simultaneously; second, in that 

it always h"ndles ten to twenty digits of a number simultaneously; e.nd third, 

in that certain units usc a coded syst0m givir.g four ch~nn~ls for each digit) 

running a standard check problem is not a su.fficilmt check on the :>.ccur1l.cy of 

the rusults. Thus, in arr:·.nging a problem for the EIUJ..C provision should be 

made for occasional systematic checks of all th~ units. 

Procedures for systematic checkil~ are described in srnne detail in 

the mfdntenance manu:!.l. Brief proceduros will be outlined here for the numerical 

units. The following test procedures are not comprehensive tests ~nd the ex­

perienced oper<:•.tor will perhaps use vari<.tions of them. In pe.rticub.r, the 

tests 5iven below are not dosign.::d to check the operation of the various program 

controls. However, thuy arc designed to ch.,ck th<; numerical circuits in ee.ch 

unit and to a. considera.blo ext(lnt check the progrrun control used to carry out 

th<·: tust. 

2.2. !l'ESTING i.R ACC!JMUI..'.TOR 

C.".rds should b.;, prep.!lred 'lS follows: 

l. p lllll 11111 

2. p 00000 00001 

The numbers should b .. ~ so placed on a card that one group in the const~nt trans­

mitter, say AI.R' corresponds to these numbors. Nuxt, 1.. master programr:.er steppur 

should be used to transmit the .first nwnber into th<> accw:1Ul,,tors which arc to 

be tested aighteen times, At this time the accwnul~tors should r~ad 

u 99999 99998 

and all stag~s of each d~cade have bcEJn ch&ck"d e.s well. as the dcL,yed carry-over 

circu::.ts. llow th•' stepper (used .o..l:ovo) shot;.ld c<J.usc the reader to r"ad the next 

card and the nwnbCJr to be tr~msmitted to thtJ o.ccumulutors twice. This should 
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give 

p 00000 00000 

end checks the direct carry-over circuits. Note the.t this test assumes that 

the significant figure switch is set to "10". If this is not so the operator 

can modify the above procedure to take care of this. 

This test does not check th~ following circuits (for a complete check-

ing procedure see th& m~intcnance manuel): 

Transmission circuits 
Clearing circuits 
Repeater ring 

Input channels (except for the one used) 
Pr,)gr~Jll controls (except for the one used) 

2.3. TESTING THE .MULTIPLIER 

The following set of cards should be prepared. 

Card Multiflior i.rultiElice.nd 
Aut say)" '1R (say) 

1 p 00000 00000 p lllll lllll 

2 p 11111 11111 p 11111 11111 

3 p 11111 11111 p 22222 22222 

...................................................... •·. •· .............. -
10 ·P 11111 lllll p 99999 99999 

11 p 22222 22222 p 11111 11111 

12 p 22222 22222 p 22222 22222 

.............................................................. ·-........ . 
82 

83 

84 

85 

p 99999 99999 

r r 11111 11111 

)[ 11111 lll11 

M 11111 lUll 

p 99999 99999 

M 11111 11111 

p 11lll 11111 

}{ 11111 lllll 
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On a second set of cards, or on these s~e cards in different fi~lds 

the prop~r answers should be punched. Note that these anmvers will depend upon 

when ten or twenty digit products arc used, that is, whether the product 

accumulators are used as ten or twenty digit accumulators. 

There are two methods of using these cards to check the numerical 

~ircuits of the multiplier. One is to have the answer on the same cm-d "-l!d 

arrange for its transmission to the product accumulators with its sign changed 

(or the sign of one of the factors may be changed). In this caso the whole 

sequence of cards in run and the presence of "zero" in the product accumulL:tors 

indicates (with high probability since there could be ccrapensating errors) that 

the numerical circuits are all right. 

A socond meth:>d is to run the test and c£.us<> the e.ns"Wers to be punched 

on other cards. These results rn;J.y then be comp~.rcd with standard answFJrs by 

use of the r·3producing punch. 

This pr'~cflduro does not chock the following: 

R:Junding off circuits 

Pr:>grPJn controls. (other than the one used). 

2.4. TO TEST A FUNCTION TABLE 

An accumulator is used to build up the ar~ent. ~ program control 

on th•J function table has its ftmction switch sct to "-211 e.nd a second S"Witch 

has its arglll'lent stJt to 11 +2 11 • 

The programming is so arranged th<J.t the 11-2 11 pr.:•grnm is activat"'d and 

the output sent to an accumulator associn.t.::C. >iith thEJ printer; The result is 

punched on a card, "one" is added to the argument, and the process repeated. 
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The master progr<li1UII<:r cr•n be used to repeat the "-2" program 96 tiL1es and then 

alternately actiw.tc th;, 11-211 and the "+2" progr~m four more timca~ (Or 

various other schemes may be devised to obtain all 104 entries to the function 

table,) The cnrds punched in this ma.nner csn then be C•'l:lpa.rtld with a standard 

dc;ck, 

Nut-'l that th~> above check is not a systematic check of the numericnl 

circuits as a whole, In other words this check should be repeated if any switche.o 

on the portable table (CJr on panel No, 2) 'lrc changod, 

Furthermore, the ~.bove procedure docs ll'>t check the v~·,rious progr.').fll 

controls of the function table, 

2,5, TO TEST THE DIVIDER h.ND SQ.UJ..RE ROOTER 

The divider and sq11<.1.re rooter cnn test be checkecl by perf,>rming t"st 

division problens and squar.:! rr-ot probl<:>Jils, Dr:>..wing PX-1~111 gives the mnns 

which should be li.t o.t v:>..rious pl«cos in the process, The opere. tor car. check 

against this by p,:>ing throu,~h tho:> problem at one addition th•c, 

2,6, CONST.~<NT TRJ..!{SMITTE!l TEST PROCED\)RE 

The 1; 2, 21 , 4 channels in the constant trru1smitter can all be checked 

simultaneously by r<1ading cards with nine punches m then. Since it is un­

desira.ble that the same nurabur be punchud in nll c.)lumns of r•, cc.rd ( tlrl.s weakens 

a card incr< asing the prob11-bility <Jf "jarnming" in the feCJding n;;charoisn vf the 

IBM ttachines) it is suggested that cards be prQpar~d ~s follows. 

1) 91 s in groups "LR and Brn 
2) 9 1 s in gr,,ups CLR 'Uld DBR 

3) 9's in grc,ups ELR and F ..R 



ll 

4) 91 s in groups G and H 
lR Ut 

5) Four more cards sir·d.l"r to :lbovil but with ninus punchos. 

The programming should be arre.nged so that the numbers arc trans.d.tted 

into accumulators when they c<:.n be inspected visually or perhaps punched on other 

cr·.rds and cor:-.pared with a standard deck using the reproducing punch, 

Note that Jrn and Krn should be checked in ~ sir.d.lar r . .annor, (Th~sc 

:mly need be checked for the nunbcrs used in the s~t-up provided they arro rc-

checked any ti:"Je. that sm!lc c,f th., switch sc.ttings arc ehanged,) 

This procodure does not check all tho progrmti controls. 

2_, 7.. PI: INTER TEST PROCEDURE 

The printer can be tested by causing ~.n possible digits in en.ch 

channel to be punched and by checking the PM delays, Thu fullcffling cards should 

be prepared. 

1) P 01234 567S9 

2) p 11111 11101 

3) P lllll llOll 

• • • • • • • • • • 

10) P Ollll lUll 

ll) p lllll lllll 

The progra.rr.r:d.ng shuuld be arraneed to ceusc the numbers on the test 

cl;rds t'' be read by the IBM reader, tr,nsr.itted to the. printing ·'-'CCuuulators, and 

the result punched, The resulting cards mE-y be c Jr.tp·~-red with a st~.nd2.rd deck by 

use of the reproducing punch, 

Card nUr.tbnr one has the nUr.tbcrs 0 to 9 punched in it to pr>lvunt the 

srome digit from being punched all across a card. 
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If any decad~s of the. master pr.->grmnmer are used in printing th~y 

may be checked at this time by transmitting the prc·grrun pulse (used to activate 

the above sequence) into each decade d.ircct input. 

This constitutes a complete test :)f the nrinter. 

2.8. TESTING Fffi TRANSIENT Fi.ILUW 

· If transient f!l.ilures are suspected a nast·"r progr=er stepper should 

be used tu repeat the appropriate test (such as :me of those above) a largo 

number of times. 

In case of an accumulator this can be done usine only ~ne cnrd (say, 

P 99999 99999) and using a second program control set to aC (receive on a snd 

correct) to obt~in the one puls~ in the units decade. 

For the multiplier it becomes necessary to punch th'" ~.nswers on the 

cards with the factors (see 2.3) and cr-use th~se t~ be transmitted tu the 

product accumulators for each multiplicati:lll. If more than ten digit answers 

are used the adjusted ~swer to cr.rd 83 must be c~efully prepared in order to 

get minus the answer from the c·mstant transrdtter to the product accumulators 

(since the constant transmitter only comple;;,,mts nt 1nnst tun digits ut a tir.:te). 

Repetition of a function tc.ble t<:st is straight forward. It may be 

worth while to receive into e. twenty digit c:ccnnulnt::>r and r~p.,at thu tr'l.nsff1ission 

104 t~es, s~, and see if the proper nuraber is obtainud. 

The square root c:f zer0 is perhaps the easi;;st tEJst to repea.t on the 

divider-square rooter. 

The const.'mt transmitter can be caused to trc:.nsnit ~y group repeatedly 

to some accuuulator. Dust particles mcy cause transient relay failures, so av·)id 

stirring up dust in the ENL'•C r')Om. i.ls.), if any relr.y case is rer.-.:Ned, always 



replace in exactly the same position in order not t~ disturb dust inside the 

case. 

Transient failur<ls in the printer c.rc: prub.'l.bly relay failures, S<Je 

r.t~.intenance r.ta'lual f~r list of pr(Jbable failures, 

13 
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as follows: 

PREFACE 

The Report on the ENIAC consists of five separately bound parts, 

1, ENIAC Operating Manual 

2, ENIAC Maintenance Manual 

3, Part I, Technical Description of the ENIAC 

Volume I (Chapters I to VI) 

4, Part I, Technical Description of the ENIAC 

Volume II (Chapters VII to XI) 

5, Part II, Technical Description of the ENIAC 

Included with the Operating Manual and Parts I and II of the Teehnical 

Description are all drawings (see table 0,3 below) which are required for 

understanding these reports, The Maintenance Manual assumes access to the 

complete file of ENIAC drawings, 

Part I of the Technical Description is intended fgr those who 

wish to have a gener~l understanding of how the ENIAC works, without con-

cerning themselves with the details of the circuits; it assumes no knowledge 

of electronics or circuit theory, Part II is intended for those who require 

a detRiled understanding of tlw circuits, Its organizr,tion, to a great extent, 

duplicates that of Part I so f•.s to make cross referencing between the two par1;.s 

easy, 

The ENIAC Operating Manual contains a complete set of instructions 

for operating the ENinC, It includes very little expl~natory material, and 

hence assumes familiarity with Part I of the Technical Description of the 

ENIAC, The ENIAC Maint>~ne.nce Manual includes description of the various test 

units and procedures for testing, as w~ll as a list of common and probable 

sources of trouble, It assumes a complete understanding of the circuits of 

ENIAC, i,e, a knowledge of both Parts I and II of the Technical Description 

of the ENIJ.C. 



The ReJ??rt on the ENIAC and the compl~te file of ENIAC drawings 

constitute a complete description and set of instructions for operation and 

maintenance of the machine, Tho drawings ce.rry a number of th!3 form PX-n-rn, 

Th!3 following tables give the classification according to this numbering system, 

TJU!LE 0,1 • 
Values of Division 

n 

1 Gtmeral 

2 T(lst Equipment . 
3 Racks and Panels 

4 Trays, Cables 1 i.d~ptors, and Load Boxes 

5 Accumulators 

6 High Speed llultipli0r 

7 Function Table 

8 Master Progrw~er 

9 Cycling Unit and Initiating Unit 

10 Divider and Square Rooter 

11 Constant Transmitter 

12 Printer 

13 Power Supplies 

TABLE 0,2 

Values of Subject 
1!1 

101-200 I Wiring Diagrams 

201-300 Mechaniea1 Drawings 
,01-400 Report DraVIings 

401-500 I1lustr~tion Problem Set-Ucs, 



The reader of this report will he prim~ily interested in the types 

of drawings listed in the following p~·agraphs, A table on page 4 gives the 

corresponding drawing nwnber for each unit of the ENI.I..C, 

l) Front Panel Drawings, These dravoings show in some detail the 

switches, sockets, etc,, for oach panel of each unit, They contain the 

essr,ntial instructions for setting up a problem on the ENI;,C, 

2) Front View Drawings, There is one of these drawings for each 

kind of panel us~d in the various units of the ENI~C. These show the relative 

position of the trays and the location of the various neon lights, Since these 

drawings show the neon lights, they can be used to check the proper operation of 

the various units, 

3) Block Di9.grarns, These drawings illustrr.te the logical essentials 

of the internal circuits of each unit, That is, roosistors, condensers, and 

some other electrical details are not shown; but complete channels (paths of 

pulses or. gates representing nUJ:lbers or program sign<.ls) are shown in all tho;ir 

multiplicity, These drawings will be of interest to those who are interested 

in Parts I and II of the Technical Report, 

4) Cross-section Diagrans, These drawings are electronically complete 

except that only one channel is shown where there is more than one, Thus, these 

drawings show every resistor ~.nd condenser and any other electronic elements 

belonging to any circuit, These drawings will be of particular interest to 

the maintenance personnel and to those reading Part II of the technical report, 

5) Detail Dre.wings. All othur drawings of the ENii..C coao under 

this heading, k complct~ file of drawings is available at the location of the 

EI!L,Co 

'!I ,., 
;J 
.'i 
:·: 



Unit Front Panel 

Initiating PX-9-302 
Unit 9-302R 

C:rcling Unit PX-9-303 
9-303R 

I.CCUI!Iulator PX-5-301 

A!ultiplier PX-6-302 
6-302R 
6-303 
6-303R 
6-304 
6-30@ 

Function Table PX-7-302 
7-302R 
7-J03 
H.Q1R 

Divider and PX-10-301 
Sguure Rooter 10-301R 

Constant Trans- PX-11-302 
mitter 11-302R 

11-303 
11-303R 
11-304 
11-101Jl 

Printer PX-12-301 
l2-30lR 
12-302 
l2-302R 
12-303 
l2-303R 

Me.ster Pro- PX-8-301 
gra.r.uner 8-30lR 

8-302 
8 ... 302R 

Table 0,3 
EI!L•C DRi.-liNGS 

Fr()llt View 

PX-9-305 

PX-9-304 
PX-5-305 

PX-b-309 

PX-7-305 

PX-10-302 

PX-11-306 

PX-12-306 

PX-8-303 

Block Diagram 

PX-9-307 

PX-9-307 
PX;_5-304 

PX-6-308 

-·-
PX-7-304 

PX-10-304 

PX-11-307 

PX-12-307 

PX-8-304 

other drawings of particul:l.l' interest: 

Floor Plan PX-1-302 IBM Punch and 
;.,c. Wiring PX-l-303 Plugbo~crd 

IBJ.I Reader and PX-11-119 Puls•e .. •:mlificr f'nd 
plugboard PX-11-30 5 Block Di:.grar.. 

Interconnection of l;iultiplier md -'ccumulators 
Interconnection of Di'ridcr !lad i.ccumuldors 

Cross - Section 

··-
PX-5-115 

PX-o-1.12. 
6-112B 

PX-7-117 
7-118 

PX-11-116 
11-309 

(C,T. and R. 

PX-12-115 

PX-8-102 

PX-12-112 
PX-12-305 
PX-4-302 
PX-4-301 
PX-6-311 
PX-l<>-307 

,jj 
.. , 
,I! 
I 

·'. 

' :I 



The front view dra11<ings and the larg~ front p~mel drawings (whose 

numbers do not end with "R") 3.rc bound as a part of th" Op<;ratort s !i;:.nuc,l, 

Included with the r~port is a folder containing all the drawings 

listed in tho above table <Jxcept the hrgc front panel (see above). A com-

pleta file of drawings is avnilfcble n.t the loce.tion of the ENIAC, 
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I. INTRODUCTIO!l TO MA.IliTENANCE MA!IUAL 

1.1 Structure of Maintenance Manual 

The maintenance manual devotes a chapter to each unit of the 

ENIAC including one chapter to the a-c supply circuits, These various' 

chapters were written by the people who designed or helped to design the 

respective unit. 

Each chapter contains a list of the wiring diagr~ns and test 

charts referrmg to the circuits of that particular unit. It contains a 

section giving a testing procedure tor the particular unit. Note that test 

procedures tor each unit are also given in the operating manual. In each 

chapter there is also a list of possible failures and their remedies. As 

time goes on tho conscientious maintenance man will do woll to keep a log 

book listing for each unit fail,~es encountered, their symptoms, and the 

remedy. 

1. 2 Notes and Warnings to llaintenanco Pcnonnel 

1) Keep in touch with operating group for any trouble which may 

develop. Not~ repairs and troubles in log book, Keep log of 

all tube failures - list each tube, 

2) This machine contains a number of dangerously high voltae:es, 

Avoid working on any part while DC is.on, 

Do not loavo off any covers. Remembc.r the shells of tho 

motal tubes are at high potential with respect to the framo. 
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3) Never o~oro.tc machine with any DC fuses out axccpt for spocio.l 

tests. When replacing o. DC fuse bo sure they aro put in 

correctly - i,e, wo.shor in cupfa.co out, 

4) Make periodic check on ventilating fans, 

5) Do not pOlUld on pluc;s or plug-in units to gGt thorn in; use 

steady pressure, Avoid pulling on wires or co.blos to remove 

plugs; usc ca.so for c;rip. 

6) lbop covers on relays as much o.s poss iblo; roplE1Ce in a :::.me 

position to avoid spilling onto rolo.y contacts dust which may 

have collected, 

7) Return o.ll plug-in units o.nd cablrjs to proper ro.cks when not 

ill usc, 

8) DOilT' S 

( o.) DON'T leave. doors or covcrplat~s leaning against rolo.ys 

or tub•os or front panels, 

(b) DON 1 T hMg probes on wires in trc.y11. 

(c) DON'T mark panels with chalk or stick po.p~r lo.bols 

on thorn, 

(d) DON'T drop solder, nuts, lock washers, Gtc., inside 

machine and leave them thoro, GET Ti~M OUT: 

1.3 Genera.l R~Qrks on Testing 

1,3,1 Sto.ndo.rd Tost Problems 

Sta.ndoxd test problems chock for continuity or tho progro.rnming 

sot-up unloss there o.ro o.tto.chod subsequences which oporato simulto.noously. 

Genoro.lly a. stt>.-ndo.rd tost problem co.nnot bo dcsign.::d so c.s to test the 

numerical circuits complctaly, Hovmvr.r, it comes much closer to completely 
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chccking the progre.m control c.nd cor.••on programming circuits. 

1,3,2 Syst~m~tic Unit Tosts 

Systematic tosts such ~s thoso described in tho operating manual 

nro designed to check tho numerical circuits and common programning circuits. 

If repented with different program controls, they chock tho program control 

circuits. The chtcpterr. of this r.umunl givo some other testing methods for 

certain of tho units, 

1.4 Responslli.Lity of Haintenance Personnel 

1) To have studied the four manuals (Operating Manual, Technical 

Reports I and II, and the Maintenance lle.nual) sufficiently to 

thoroughly understand the operation of each unit and the 

operatii1g of the El;IAC e.s a whole, 

2) Knowing that a particular unit is failing to be able to find 

and remedy that failure. 

3) Knowing of the oxistanco of a faUure in the EliiAC to be able 

to assist the operating persoru1el in localizing tho failure 

to particular u:1its, However, tho duty of isolating numerice.l 

and progrwa~ing failures to a particular unit belongs primarily 

to tho operating p~rsonne10 

1. 5 EIIIAC Drawi11gs ··-

The mo.intonancc personnel should have access to a fila of drawings 
I 

at tho location of th~; EJII.;;.C, As p&rt of tho fila of drawings there is a. 

c o;nplctu cs.to.lo.-; of all tho dr;min;:;s of tho EiiiAC, Only o. few of the draw-

ings arc roforrod to in tho various reports ~nd in case of difficulty with 

particul&r circuits the maintenance man should rcfor to tho catalog for 

' ,, 
' >, ,, 
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any other dro.t~ings which may be of help, 

Drawings which •:rill be of particular help for maintenancing will 

be the various block diagrams and the cross-section diagrams of each unit, 

1,6 ili'.!!.'l!al Rer.1arks on Trouble Shoctin& 

After a test problem has'indicated a failure it becomes a problem 

of localization. 

1,6,1 Find the Unit that Failed 

To ti1e operating persoanel the type of failure found in tho test 

problem nay inHcate the unit (or kind of u:1it) in vthich the failure occurred, 

Various unit tests (such as thoso described in tho oporating rnanual) may be 

performed to assist in this localiz&tion process, 

1,6, 2 Finding t:1~ Circuit that Failed 

Tho various unit tests o.ro designed to looo.lize tho failure to a 

particular circuit. Corn;Jlote knowledge of part II of tho tc.chnical report 

and efficient usc of block diagrams will holp in this process, 

l, S, 3 Circuit Failures 

The most frequent failure in circuits is burned out tubes, 

Replace tu·ocs in suspcct<Jd circuits and test tho tubus removed ( sor. Section 

on usc of tho tube tester), Note that cathode failures in metal 

case tubes can bo dutectod ~t tamoval time by comparing case temperature 

\'/it:h t.ha.+. oe o-ther tubes. 

r: all -;;h.o tub<:s in the suspC>ctod circuits test all right 11 static 

tost of th~ circuits is indicated to Ch3Ck o.gainnt i'o.ilurus in wiring, 

ror.istoro, or condensers, To a.soist in static and dynrur.ic tasting test 

c;w.,.ts ho.vo bc10n prepo.rcd and certain test oqllipn;ont built ( soo 

T!tc charts have doto.iled instruct ions giving switch sottings, voltc.gos, 
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pulse rise, duration, and fall times, pulse amplitudes, ot ector a. 

Tho folloriing principles in trouble shooting o.ro vtorth noting. 

l) If' c. ci::-OLtit operates v1hon it shouldn't look for failure 

of nn invertor tube. 

Z) I·" u- circui';; docs not operate when it should look for failure 

o.r a. go.to or a. buffer. 

Truns i<mo f;.,ibres ca.n usuo.lly bo found by repclltod progro.mming 

of tho susp'>Ctoc! :mit. As explD.inod below certain tost aquipmont hils boon 

built to assist in rinC:ing trans iont fo.ilures. 

Pro.ct ico.lly all circuits in the E!liAC wore des ignod with o.t 

lcc.st a 2 to 1 safoty factor, Thus, parrunotors (such o.s loo.ds, voltllgos, 

~t cctora) can be v"ricd considcr:lbly without offocting tho opcro.tion of 

n normal unit. 

Thus, to o.soist in finding tr~,sicnt fo.ilurcs certain tost cquiP­

mc.nt (nc.nely, o. vo.rio.blc oscillo.tor and vo.rio.ble power supply eqLiipmont) 

ho.s b~en built, Tho vo.ri"blo oscillator •;an be plu3;god into tho cycling 

unit nnd the EHIAC opora.tod <lt frc'lucnci~s above or bolow the sto.ndo.rd 

frc;qu~ncy of 100 k.J• Th~ v::.ric.blo power supply can be used to vo.ry the 

\'Oltngcs in ;;. unit ::.nd thus incronsc the probc.bility of fdlurc, 
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II, IIIIT UT IN•} Ul'IIT 

2,1 Circuits of the Initiating Unit 

Tables 2,0 and 2,1 give a list of drawings pertaining to the 

Initiating Unit. The Intercoru1ection diaGram, PX-l-301, shows the location 

of the plug-in U>lits and gives the numbers of the chassis drawings, 

·-----------······--------------------· 

r 
Table 2, 0 

IliiTI.ATiiiG UNIT PLUG-HI Ui:ITS 

----==--==,~~"----'=~~:~,~~-. ---·==--'·=-=-·=· ==-==.======= 

No, of units I Static and 
Plug- in Unit Dyno.mic Test 

ting Unit I Chart 

6 1·---::::::::-~~--~~--PX-5-147 PX-S-129-
I I 

19 Cyc~i:~~~n~~--~ PX-9~102: PX-9-123 ~ 

: · --- · 2-·------~ --- ·:rl~iti~ti;g ____ - Pi:9-los- --- -- PX-9-125 ----1 
i _ J _:_u_~s~-_u~-~ts _____ _ ,------· 

I 1 
' 

Reader- Printer 
Starting Unit 

1 Reader Interlocking 
Unit 

1 Reader Transmitter 
Unit 

------------ f----·--------

PX-9-104 PX-9-122 

P:&.-9-103 PX-9-124 

PX-9-106 PX-9-121 
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--- ---------------------·--·· -------·--- ··-·--·------·----
're.ble 2.1 

OTHER I!HTIATillG illiiT CIRCUITS 
==-,-=i 

i 
Name i'firing ; Static Test Chart I 

-::,~:::£: ~- ~-1---:t:~:: >1: ~~l- n '~'-~"--1 
------------ _ ·----·-- _2_19B ____ ----- ·------------1 
Initial Clear Relay PX-9-115, 119 i 

i 
-+----------------] ------------~ 

AC Voltmet<>r PX-9-llBA, 119 

---·---------- ___ I 
Start, Stop, and 
Door Svdtch Shunt PX-9-119 

(soc Block 
PX-9-307) 

I 
Diagram i 

2. 2 Testing Program 

Tests for each of tho plug-in units arc described on the test 

charts 1 istod and covered in the section on tho uso of tho Test Bench, 

Tests on the plu6-il1 units in place in tho unit arc outliuc.d 

below, 

A) Cycling Unit Transmitters 

'.'lith cycling unit on continuous operation obsorvo cPP, 9P, 

l'P, RP on Oscilloscope on cycling unit. Presence of pulses of 

at least one tnch ~nplitudc and equal width for each pulse indi-

o~~er- all is well, If not replace one or more of the associated 

cycling unit transmitters. If no pulse at all, check on gates 

which produce the missing pulses for presence of pulse at Olttput, 

Block diagram PX-9-307 will be most useful hare, 
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B) Selectivo Clear Transceivers 

Connect each to a program line carrying continuous program 

pulses, then obs&rve neon lights. If any unit fails, replace it, 

C) Initiating Pulse Units 

One of these units is used to produce a pulse synchronized 

with the Eniac wh<>n the initiating pulse switch is pushed, Tho 

othc;r produc.::s a synchronized pulse when tho printer finishes 

an operation. To chock the first, connect output to input of 

ono selective clear transceiver, sot cycling unit on 1 add 

operation, Push initiating pulse switch, upper neon should 
should 

light; pulsh 1 pulse 1 add switch, lower noon"light, pulh 1 

pulse 1 add switch agai>l, both neons out and trru1scei ver neon 

should 1 ight. 

To test the other, connect printer into a program chain, 

This will also test printer section of Reader-Printer Starting 

Unit, 

D) To test Re~dor-Frinter St~rting Unit, Reader Interlocking 

Unit, Reo.der Transmitter Unit, plug reader output into selective 

clear transceiver to check presence of output pulse, Set 

Cycling Unit on 1 add time, Push roador start switch, reader 

start n;oon on, reader interlock noon on, IB!.: reader should feed 

c~rd, rc~dur finish noon on, After card food push 1 add button, 

ruador start noon out, rco.dor si\lllchronizing noon on. After noxt 

1 add push reader interlock nc;on out, reader synchronizing noon 

out, trQnsCoivor neon on. 

,.' 
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E) The Oscilloscope coction needs no spoci~l montion ~s to 

service. Tho stctndo.rd tosts for the RCA lSSA' scope c.ro ~ppli-

cable with tho except ion that tho swoop frequency operates ~t 

o.pproximo.tcly 60 CPS. 

F) Servicing of the two voltmct~r circuits is str~ightforvro.rd -

chocks for opon circuits. short circuits, rosin joints, loose 

connoction, otc. 

G) The initio.l clc~r rclo.y circuits o.ro shown on PX-9-307. The 

time constc.nt of the condonsor relay circuit is sufficient that 

the relo.y should st.:y olosod for not loss thc.n 1/2 second, In 

case of trouble look for fo.il ure: of condenser or rolc.y. 
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III, CYCLING UNIT 

3,1 CircQita of Cycling Un~ 

Tho cycling Qnit panel includes ton transmitter plQg-in QPita of 

the m~stor programmer (sec CbQptcr X) as well as the cirCQits of the 

cycling QP1t proper, The following tab1e3 and PX-l-301 give the pertinent 

drawings and show the position of the pl11g-in units, ___________ .._ ...... ____ ,.,. _________________ ..., 
Table 3,1 

pLUG-IN UNITS 
~-=--:::.=::-...:=::-...::-:.~:::.-:_ ~ ·--- -- -·· 

Number of Units lome Wiring Diagram sta.tic and 
DynllllliC Test 
Cho.rts ------- . .,._ 

~-~ . -- .. - ---· -
10 . --.tor Procrammer PX-8-105 PI.-8-122 

TruaalUers 
·--- -

6 Cycling Unit PX-9-102A PJr,.9-l23 I 
Transmitters 

l Cycling Unit Carry PX-9-1028 PX-9-123 
Gate Transmitter 

-·-· --------- -r--- ----· ... -- ... --- -------------
1 PX..9-l30 PX-9-139 Cycling Unit Off-,_ 

I beat Unit gmg-;.it I 
1 P:Z..9-131 PX-9-140 I I cillator I 

I 
. -----· -- PX-9-14l ___ , 

l 
1 

On-beat Unit PX-9-132 
I I ---------- -- ----. 

,! 
I 
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-------- -· --- ----- ----- -··-----· 
Table 3,2 

CHASSIS CIRCUITS 
--· -- - - --- - ..... - -- --

I 
-

Name Position I )Yiring Test Chart 

I 
(tubes) 

i Top cha.ssis l and 2 PX-9-133 Static: 
·-------------·- -- ----· ----·-·--------~------------ PX..9-l26 

I Gate A 21 to 40 PX-9-134 PX..9-l26A 
I ---

"I 
i Gate B 41 to 60 

I 
PX..9-l35 Dynamic: I 

l I PX-9-129 -- ------- ------- -------- ··- -- ---- -----· --

3,2 Testing Procedure 

The routine testing of tho cycling unit is best carried out in 

tho following me.."lner, tvith the :>porations switch on continuous and tho 

oscillator switch on L1tcrnal, tho various pulses and tho carry gate a.ro 

examined on tho viewing s.copa. Their presence is not suffiCJiont for 

satisfactory operation but the pulses must all be of approximately the 

same shape and all s igne.ls at least ono inch high, ~Text, tho oxterne.l 

oscillator should be plugged in and tho S\Vitch sctt to External, the tens 

pulses should be '"""mined on the viewing scope. Tho frequency should bo 

ineraased until either a shift of 1 pulse to tho right is observed in 

the tons pulses or ono .)r more neon bulbu in cycling unit ring glow. 

Tho frequency at which this occurs should bo at least 160 kc, At this 

top speed tho othor pulses and gate should bo again oxarnined, The most 

COIID!lon difficulty in the cycling unit is failure of tho ring to count 

at those high frequcncios, This ce.n usually bo traced to troublo in the 

ring pulso sta.ndardizor, 

Tho 1 addition time modo of operation a.s woll as the one pulso 

time modo must also bo testod, Te~t tho 1 add mode at 100 It(!! and e.l so 
,~., 

at the top 
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frequency, Presence of the tens pulses must ~lso be chocked, This is dono 

by programming n chain of two programs, one ovcnt of which is to toll an 

ncctunulator to tnmsmit, Then, c~nti:l.ucd pushing of tho 1 pulse 1 add 

switch should rcsul t in the progr..:r.1 cho.il1 stopping a.long and on the one 

prot;ro.m, tho acc.w.mlo.tor cycling, ns cvidonc,;d by tho noons flc.shint;, but 

tho same number rcuo.i11inc; in the uccwnulat.Jr, Tho come test should bo mo.dc 

under 1 pulse time cporc.tion requiring, of course, 40 pushes of tho switch 

to g•l through tho tYI·J program scquoncc. Should o.ny of tho ab,>VC tests fo.il the, 

l udd bc.tc, ring stop go.tc, 10 pulco flip-flop, o.nd 10 pulse go.tc should 

be invest igntod first, 

Tr~ublu in tho Viowin~;; Scope mc.y result from disturbed DC voltngos 

'vhich c.rc prQducc;d in th" top pctncl ;,r duo to fo.ilurc of the swoop circuit 

which is loco.tcd on G;lto Chassis B, PX-.9-135, This circuit is similo.r to 

cnc used in the A-R Scope, typo 2566, but usee dif'foront tubes, A discus-

s ion of this type .:.•f circuit will be found in tho A-R Scope M~.uu<'.l, 

,, 

' 

I 
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IV, ACCUl.IULATOR 

4,1 Accumu1o.tor Circuits 

Tho follO\ving to.b1cs c.nd PX-5-302 givo tho numbers of dra.wings 

and tho 1oca.tien of vurious o.ccumulc.tor circuits, 

Tab1v 4.1 

ACCUi:Uk\TOR PLUG-IN UNITS 

\ ;:nb;r of- Un-it--s·-~-P-1·:~~--;n-;----r::l~ing ;;~t;rc:-l·~-:at~c and-· 

j , Dynamic Tost 
1 1 Chart 

=-==-··---~----~-~.--..--+=, =~~=~==:=- - -- - -- ·. 

~==~----- ~~:::~_J ::::~~-~~;:-
8 Transcoivor +- PX-5-147 PX-5-129 

--------- --------·------ -------------·-----
1 Ropc~.tor rX-5-149 PX-5-120 

---------- ·----· --- --· -----'-·----------'-------..L 

,------ --------·------- --·-------
To.b1c 4, 2 

ACCUMULilTOR DRA\VINGS 

Nama '.'firing Posit i<m 
(tubes) 

r=--~~~ -·~· ~~--+~~·····---- -··--~~= ~-~·=-·=--=='-"=-=o:. 

Go.tc Ch,.ssis 41 to 60 PX-5-117 

------

=-----i 

Tost Cho.rt 

stntic: 
PX-5-123 

D)111QIII1C : 
PX-5-124 

--------'----------'-------------------·-----· 

•·, 

;.I 
·' 
I,' 

:! 

. ! 
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4, 2 Testing Procedure 

4,2,1 Jlumcricc.l Circuits 

(c.) Receiving failures, 

Using tho c.ccumulntor test curds described in tho operc.ting 

manual (section 2, 2) the constant transmitter can be used to transmit 

nur~bers into an acc\.llm.:lator, 

In case of failure in this sort of test, there are two possible 

procedures: 

l ) Shift to n.nothor input and repeat the tost, 

2) Program a transmis sian c.t one pulse time spocd, 

Either of theno pr~coduros will g;cncrc,lly determine whether 

the failure is in th" dccttde unit or in the input gato circuits, If tho 

failure is in tho docado emit rople.co it (r13pairing of plug-in units is 

discussed in th" sccti•>n on the test bench, Chapter ;;:n), 

.rl.ny sys'.:emutic tost sll•Juld in•1ol ve rcc,;iving numbors en all 

t:ivc inputs. 

4.2.2 Transcicsicn Fa.il.Llros 

With a numb or such as F 44444 44{44 in the doubtful accumulator, 

it shuuld be pror:;re.maod to add its contents to ancthor accumulat<.:r at a 

one pulso . . . 
""~mo r!luc. Tho receiving accumulator should be kno~1 to bo ,'j 

.., 
t~ 

oporllting correctly, of courao, 
,., 
[', 

Consecutively, or simultaneously by us i~1g a second accumulator 

to receive, the subtract transmission circuits can be checked, 

4,3 Canmon Progrw:u;ting Circuit!! 

Simul ta11eously failure in all ten channels (or eleven ohannols 

in somo casas) porsisting with various program controls indicates failure ' I. 

j 
. ' 
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in common progranuning circuits. 

4.4 ?rogrrun Control Failure 

If only one fails r.opl!lCO it. If •~orv than one transcc.ivor fails 

look for trouble in cor.,aon progra:nming circuits perhaps checking othor 

transceivers. Failure of morG than one progr'"m control flip-flop to 

r"sct indico.tos possible failure in the ropoutcr rin15 circt~its. 

,. 

,, 

',, 

II 
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V, HIGH SP BED MULT r:-LIER 

5,1 Multiplier Circlli-ts 

The circuits of tho ;,mltipli"r arc located on throe pe.nols, 

Th:o in',orconncction dio.grar.;, F?.-6-301, shows tho ppsition- of tho various 

circuits and the. following tabla gives the nuabcrs of somo of tho 

portincmt dro.vdngs, 

----------··---· 
... _____ , _______________ ,_.....,,,, __________ ..,,_, ___ _ 

I 

... ----... -- ' 
Nul:lbcr used I 

. -·-· .... :... -'--~t- .-· 
24 

6 

2 
'---------------

T:>.blc !",1 

:?LUG-Ill illiiTS OF THE l!.ULTIFLIER 

BLlffer Units FX-6-107 

5,2 Testin~-~~ 

?X-6-130 

I'X...S-126 

The multi~lier lends it~elf nicely to a routine autooatically 

progranLled test, Th·• details of this test e.re given in the ElliAC Operating 

Mo.nual. 

In caoa of i'ailuro in tho above test, the prot,;ran nhould be 

stopped througl: b:r one addition tina stCipa and the p~.rtial prodL!Cts appear-

ing in tho r.-roduc'" accuw!lators inspected, This procedure if done in 

COlljuncl';ion ~"'ith tracing "the nu.ilberr. cours~ through the mttltiplicr (by 

usc of t!10 block -:1 ia.,;ra .. ~;, ?X-6-308) may locate the failure, If this fails 

to locat~ trollblo, s'.o·op by udciition times to the rcsion of failur", then by 

pulse tim;s. 

,_ ... 
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Tabla 5,2 

CHASSIS DRA':/IHGS 
1=---~=~-~---------- -·-----------· --··--·· --- ---· .--~-~---~-.---------1 

Name rosition Wiring 

?ancl Tu.bcs 
·--- -- .. ···---·- - --- -·· ... - - . ---- - ·- -·--·-·-·· 

1 3 - 20 F:it-6-101 Ier Selector 
1------------+------+------+-------j 
R,H, ielultiplior Table 1 21- 40 P:it-6-102 
---------------+------- --1--------4-------
L.H. ){ultiplier Table l 41 - 60 P:it-6-103 
~----------+-----+-----+------

3 j 1 and 2 FL6-105 
·-------------- -- ~---------+-----·------- ------------. 

Icr Top ChaBsis 

Gate 2 41 - 60 ::'X-6-108 
- --------------1---------1-----+---···---1 

3 41 - 60 
~-------------- ------+--------1>-----------
Icand L.H, Selector -i 2 + 21 - 40 

,~~~:-3:~;~; ,----;--. ---3----~~2~0~::~1'~--x.._-_6_~-~1-l-0--1 
::>X...6-ll0 

Test 

--

Static• 

Fo.nel 

r'o.nol 

ra.ncl 

Dyn::..mic• 

Panel 

PilllC l 

F::~.no 1 

jR tllld L Shifter I' 2 D.- 20 FX-6-111 
I :md 

l _____________ j_ ____ j __ 21_-40 _________ _,___ 

Charts 

1 ?X...6-122 

2 I'X...6-126 

3 :i'L6-l28 

1 P:it-6-123 

2 PX...6-127 

3 PX...6-129 

--

1. 
j: 
I. 

Iii 
I! 
J;:i 
H. I 
., ,. 
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By chocking the pul:w groups arriving at the product accumulators 

(and cor.tpar inG this with the o.ctl\ul products of the digits of tho numbors 

being multiplied) bad tubes muy bo foW1d, 

5,3 ?ossible Failurns 

1) Failure of gate tubes in multiplier sclootor would onuso 

table to puss nine pulses, 

2) Failura of ge.to tubes in r.tultiplioand s.:.lootor or in shifter 

would causa zero pulses to arrive at the corresponding placo in tha 

partial product, 

3) Failure of buffor or invorters in the channels may cause 

either of the above effects, 

4) Failure of table output ;~ates would cause 1, 2, 2 1
, or 4 

pulses to fail to reach the product accumulator, 

5) Failure of drivers on the output would cause a digit to be 

I 
:li 
11 

missin,; frOffi each partial product. 

6) Failure of program control transceivers, 
,. 

7) Failure of cor.uaon progranc1ing circuits, 
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VI, DIVIDER Al'ID S~UARE ROOTER 

6,1 Divider and Square Rooter Circ4J.ts 

The following tables give the numbers or some or the pertinent 

drawings or the divider and square-root&r, PX-10-303 shows the posi-tions 

or the ehasses and the plug-in units, 

I ··------------ ·----~ 

Table 6,la 

DIVIDER AIID S~UARE ROOTER PLUG-Ill UNITS 
=-···· __ .. - ------ --··r--: ····--"'--"- ====o:o-:= . - "=r-- .. ·- .. 

Number or Units 

10 

8 

2 

1 

1 I 

l 

Name 

Gate No, 1 

Gate tlo, 2 

Top ·-- --·-·-

Name '1/ir ing Test Charts 
-

Roooivers 

I 
PX-5-148 PX-5-l.aB 

Transceb.-ers PY.-5-14.7 PY.-5-129 
i 

Buffers I PX-6-107 PX-6-130 ' 

Repeater I PY.-5-14.9 PX-5-130 
I 

Decade Ring 
I 

(Master Program!Ller) ' PX-8-101 PX-B-125 I 

' 

------·- ---- --·- __ .. _____ , ----·-----------·-·----
Table 6,lb 

DIVIDER JI.ND SQ.UARE ROO'rER CIRCUITS 

--·--· ·----------·- ----- -··=-=='F""~==-"""""--1 
Position Wiring Test Charts 

-~--~~---- --·----... ~--~-~-------; 
3 - 20 PX-10-106 I Static: 

41- 60 
Dynamic: 

I PX-10-ll5A-D 
PX-10-105 _j 

·---· -~-~-d_2 _____ L ___ PX-10-ll2 __ PY.-10-116A-C 

6.2 Checking tho Operation 

Since tho di vid"r and square rooter workil in conjunction with a 

number or accumulators tho first thing to do is to systematically check all 
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these nccumul~tors (soc Chapter IV). 

Drawings PX-10-403 and PX-10-404 show tho numbers occuring at 

v~rieus places in th~ accumulutors during sample division and square root 

probl~s. Those problems may be done at one addition rate ufter a failure 

is indica ted. 

Since p~rt of the control circuits go to accumulators via oAb!Als 

and trays the operator should carefully check these when trouble is 

suspected, Tho presence of the proper adaptors, et cetera, should be 

verified, 

Note that the squue root of zero is the sicplest test problem 

trat the unit can be caused to do. 

6,2,1 Program Control Failures 

1: any transceiver remains •on• then it should bo replaced, If 

more than one remains on, thon th•, coomon progro.mming circuits should bo 

inspected, Check in particular to sec if tho program ring cycles us it 

should, If tho program ring cyclc.s as it should, inspect the cloaring 

circuits. 

6, 2, 2 llumor ical Circuit Failures 

Check tho quotient place ring and tho v~rious pulsa gatos includ-

ing the ~ 1 or ~ 2 receivers. 

6. 2. 3 Com!non Pro.;reJllloling Circuit Failures 

Using tho block diagram and a sample division or square root 

problem the operator should proceed at ono; addition time (and perhaps 

ropoat at ono pulse time rate) rata and nato tho first circuits vthich fail 

to opc.rate (as indicat.Jd by tile noon lights on the front panols), Rcforc.nco 

should bo mado to PX-10-302, 
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VII, FUNCTIOi~ TABLE 

1,1 Function Table Circuits 

Tho function tublc is 1ocatGd on t'ro panels and there is the 

portable table which plugs into both pe.nols,. Tablao 7,1 IUld 7,2 give somo 

of' the pertinent dra>ving nwnbers and PX-7-301 shows the location of' the 

various circuits. 

~-- ----- --.---- -··---- -·-·--· --~~bl~-~ ;:--··--·----·--·-· 

PLUG-Hi UlilTS 

=~=,=~=~--
1===-=~~=-~ -- . ··-

Number of' Units Test Chc,rto Name I Wiring ---~==r -- =-~~=-·-·+~====-~ 
ll 'l'ransceivers 1 PX-5-U7 Plt-5-129 

1----1------· -j Portable Table i- --~;_;-:_:-134 
I [ 

7.2 Operation Test 

I 
i 

€U1d 
i p}:;..7-l35 ___________ __J ________ .l_ ______ --1-

A test sequence similar to that described in sec"i;ion 2,4 of the 

operating m!<llual is set up, After initially cl.:.urin.r,, set cycling unit to 

l add, and run through 3 or 4 comploto cycLs of 'oho pro_;ram, observing 

both the noons on upper panel of I'unct ion te."L>lo, and numbers in accwnulator p, 

Push initiating button, thon l pulse-1- :;.:id butto:l ropeo.todly; whon program 

ring is on saco~>d (-2) sta,;e, naxt push of button will cause argwnent to 

bo sont to f'unct ion table; next push should cause u:tits ring to move 2 

stuges further; socond push after this should causo function to be transmitted 

to accwnulators and function tablo rin.,;s to bo cl1.1arcd, 

Aftor this prol iminary choclc, r<lturn cycling unit to cent inuous 

operation, initially cloar, and run throu&}l 100 argwnilllt values, At each 

stage of this process the accumulators should indicate the are;wnent and the 
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-
Table 7, 2 

!I'UNCTION TAB~ CIRCUITS 

Name Position ',firing Static Dynamic 
Panel Tu}los Test Charts Test Charts 

... -
Top l 1 and 2 PX-7-119 

r----- ------f-- -· ---- - ----
Uppor Funotion l 11 - 20 PX-7-120 
Selector PX-7-137 PX-7-136 

A and B 
Lower Function l 21 - 40 PX-7-121 
Selector 

Gate l 41 - 60 FX-7-122 
- -

Top 2 l IUld 2 PX-7-126 

Gate J.. 2 3- 20 PY-7-127 -
Gate B 2 21 - 40 PX-7-126 

PX-7-139 PX-'1-140 
Gate c 2 41 - 60 PX-7-129 

----
GateD 2 61 - 60 PX-7·130 

---- --
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corl"esponding t'unct ion u set up on the portable table, To check -2 and -1 

uguments, set function tablo program snitch to -2 and initially clear; then 

function shown for 0 argument is that sat on -2 row of switches and that 

shown for l ugwnent is that set on -1 row (Note that, since correction 

pulse goes into argument accumulator at beginning of cycle, zero argument 

cannot be transmitted immediately after initially clearing; to get zoro 

argwnont 1 either cycle around until argument accumulator shows 100, or pull 

out argument input cable at function table), To check 100 and 101 arguments, 

set program switch to +2 and cycle around until argument accumulator shO\Its 

98 and 99 respectively, 

If in tho preceding tests the program switch is sot to •subtract• 

instead of •add~, leaving all subtract pulse &witches at 10 1 , tho function 

transmitted should be the nines complements of tho numbers sot on tho 

switches, 

7,:S Test Procedqre 

7,:S,l Rin~a - frequency 

To check frequency tolerance or rirtt•• pull out tubes specified 

and feed variable oscillator output to pin 8 of socket from which tube was 

removed in case of argument register; pin J in case of program ring; use ' 

series condenser; other side of oscillator output goes to ground, Connect 

oscilloscope to any convenient static output; these points are. the ones to 

which are connected wires in the cable going to neon bulbs on front panel, 

Rings should count at frequencies up to 180 kc, 

------...... -~~~-----~-~------------·---···· 
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To test ring ··-- t'-·- ·· P·uii -o1.1t t~b~-s-
--~~-----~ ~-=-""=··- . :-~--==~: -- -- -

Units 042 
~------------- --------- ----------------

·-::~:r:: -. =i ----D~-9-, H:~~--~9--1 
7,3,2 Rings Voltage Tolerance 

Use adaptor r.1ade for this purpose togethor with variable power 

s1.1pply; rings should be cycled continuously at 100 kc using variable 

frequency oscillator as in checking frequency tolerance, Rings should 

count at voltages from 120 to 300 volts. 

7 ,3.3 Oscilloscope Check of Flmction Table Outputs 

Asl\additional check on operation, set upAcontinuo1.1s -progra1r4· No 

argument ia 1.1sed, Observe output by plugging triple connector into output 

socket, with a tray load box plugged into ono of the throe 01.1tputs; the 

scope probe can thon bo inserted in one of tho other outputs. \'lith program 

sot to 0 and •add•, tho number of p1.1lsas observed on each channel sho1.1ld bo 

the same as the number sot on the corresponding switch. Operation of 

subtract pulse svritch"s ca.n be checked by observing appearance of 1' pulse 

on an o1.1tput cl1a.nncl when corresponding subtract pulse B«itch io sot to 

•s•. On PM channols, 9 pulses sho1.1ld appear if either table or master 

switch is sc,t to •it•. PH poaitions on constant swit:hes are most conve .. 

niently checked by observing result of changing corresponding master PM 

switch from •p• to "M' or vice versa, 

7,4 Trouble~oting Procod1.1re 

In the following 1 ist will bo found a nU!Ilbor of cases of abnormal 

op~ration tosethor with th~ir probable ca1.1sos and romedios, Boforo making 

____ .....,_ ..... _ ...... ~---=--~~------- -------------
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any other tests, soc that no switches arc set half-way botwoon dotont 

positions. 

a. All rin[!;S operate continuously- may bo dcfectiv•l transceiver; 

chock to sec if any transceiv·:r ncons romain on. If only 

one remains on, rcplaco dofcctivo unit. If more than ono 

r.;;.-.ain on, clNc!c cloar gates (A48, B48, C48) and clear tub.;s 

(A49, 849, C49); also initial clear buffer (048). 

b. Prol:;ro.m ring cycles continuously but c.rgumont ror;istcr 

remains clearod - chc;ck ropoe.tor input t,;atos (D4S, E49, F49). 

c. Pro~ram ring fails to cycle- chock as in b. above; also 

check pulse fermer tub.;s (049, H49, J49). Also check ring 

tubes, particularly if ring stalls on MY except first stage, 

d, Argument is not rc.cc ivod but shifting takes place: normally -

check t11b;;s K48, LAB; if only ono digit of argum<.>nt is 

received, ch"ck 042, H42, 

e. !loith~r argument nor shift pulses r:>coivod- chock pulse 

formers (B42, C42, A41; also J42, K42, L42), Chock ring tubes 

if this fails; if' ring stops on any except first stage (zero 

position), it is almost certain that a ring tube is defective. 

r. ~rcneous transmission or failure of' transmission for ten 

adjacent argument values, others OIC - check corresponding 

selector input 6ates (on top chassis of' panel 1). 

g, Erroneous transmission or failure of' trans:niss ion for all 

arguments having a given units digit (for example, 8, 18, 

28, 38, etc.) - check vertical drivers (relY 28 on panel 1), 
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h, Cor.lbination of' f', and g. - chock 607 ool>lctor t11bo li.t inter-

section of' do;foctive row and colwnn, 

1. llo numbur transrdttod on a given digit channel - check tubes 

corresponding to that di;;it which appoo.r in block marked 

•table controll.ed. digit output channal" or •master switch and 

consta•1t transmittc,r• on drawing PX... 7-116, If' PM cha11nel 

is def'oct ivo, chock corresponding tub~s, 

j, Fu.ilure of' a given figurCl to be transmitted on any che.nnol -
tubes on 

check correspondingApancl 2 (see block marked •output gates 

and driver circuits• on drawing PX-7-116), 

k, Spurious transmission on a givon digit chann.;;l - check 

corresponding output g<>tc inv.,rters and output gates, 
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VIII. COllSTA.KT TRAI!SJ;;ITT3R .\ND IBiJ READER 

8,1 Circuits of thv Constant Transmi~ 

The following tr,blcs give tho drawin&s pertinent to maintaining 

the constant transmitter, PX..ll-301 shows tho location of the various 

plug-in units and chasscs, 

~----- -·--··-· ----------- -·-· .. 
Table 8,1 

I PLUG-II~ UNITS 
··--=..-.,._,· .. 

Nwnber Used Name Wiring Test Charts 
-· ~-===-=...:.=-..:·· "== . 

30 P.X..5-129 
I 

Transceivers t-PX-5-147 
------- -------------· -------- ·----·- -··-

P.X..ll-125 J 2 Pnlso Boosters PX-ll-115 

- - ----------

8,2 Operation Teut 

An operation test is described i~ section 2.6 of the operating 

manual. The actual test cards (vr1th nines punches)' should be used here 

since (due t.o the 0 1 11 , •2•, •2 1 •, and •4• chrmnels)the constant transmitter 

may operate correctly with certain numbers but not others. 

The various program controls can be checked by repeating the 

above test and successively using different ~·ogram controls, 

Note that the PJ.i circuits of grol.lps JLR and KLR were originally 

wired so as to provide th:~ correct pultle al.ltomatically. This would moan 

that negati vo nwnbcH·s would be sot up as complements with rosp&>ct to 1on-1. 

Tho various manuals instrl.lct tho oporator to set up negative numb~rs as 

n 
complements with rospoct to 10 • This means that tho tl.lbcs A' 29, A1 30, A'70 
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------
Tabl~ 8.2 

CF.ASSEs·' UID RELil Y CIRCUITS 

I 
---·· 

Wir ir.g Stntic Dynamic --. 
Test Charts Teet Charts 

.. 

8 I PX-lhlOl;, . PX..ll-121 PX-ll-122 

0 PX-11-104 j 
-

I 2 PX-11-lOlB 

--~-=-==,-==~~~- ·--- .... 
Name Position 

r-------1-P-"_.u_o~+~--=~ 
Top l I l e.nd 

Gate 1 .U - 6 ------------ ___ ,. __ L__ . 
i 1 und Top 2 

Ge.tc A 2 10 - 2 0 PX-ll-108 

Gate B 2 21 - 4 0 PX-ll-109 PX-ll-123 [;ee note 
below 

0 PA-11-110 2 1 41 _ 6 Gate C 

0 PY-11-lll 
·-· ~---- I --

PX-11--118 

GateD 
---2 _____ J_~:--~~ 

3 . Rolny Strip 

Note th"-t there is no dyna:.1ic tost che.rt for panel t-;,o, These 

circuits, bein& rcle.y control led, operate too s1ovdy to be 

observe<\ on en oscilloscope. 

------------- -·--- ----
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A' 71 
a.nd~should be removed f'ran the constant transmitter, Note that thcso tubes 

aro shown on the wiring diagrams but not on the block diagram, P~ll-307, 

8,3 Possible gailures in Constant Transmitter 

Possible f'aults, their probable causes wnd.curos, arc listed 

below. 

~. ~~ilure to tr~srnit cnything on one digit channel, regardless 

of group \lsod - chock corresponding column of tubes on g:lto 

chnssis of p~cl 1 (sec cross-section), 

b, Erroneous transmission of one digit in a !':::.rticul"r group -

checlc corresponding mc.trix g<1.to on p<mcl 2. 

c, Erronoous trc,nsr..is::ion of one digit in several groups -

choc!c corresponding pl•.1sc e;ato inve>rters on pana1 2, 

8,4 Lhe IBM Roador 

If tho operation test shows failures which are aot caused by 

tube failures such as indicated e.boVG (soction 8,3) t;1on the relay circuits 

should be checked, 

A crank can be used to slo1vly turn the ro!l.dcr through a card 

cycle and someone can watch the coding relays cc1 to c8 on the schematic 

diagram on PX-11-116) and the digit relays {see PX-11-309), 

If all these relays op<>rate prop•>rly but tho constant transmitter 

doos not transmit the propo:;r number then tho bate che.sses should be rochocked, 

and perhaps a static tost (using tho static test chart) is indicatc,d. 

If th'> coding rolays do not operato properly chock the coding cams 

in the road10r (or call an IBM scrvic<> man to do this). 
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Also chao!( the IBM roc.dor plug-board for o. loose connection in 

case of failure in one chnnnc 1, 

For gonor<J.l failures in tho IBM roador call tho IBM service man, 

In nll such CL\Ses it is tho rGsponsibility of the muintonancc pcrsol'.ncl 

to dcfinit~ly locc~to the fuilurc a.s being ii1 tho I3M roadcr proper. 
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IX, THE PRINTER JJ/D IBM PffiiCH 

9,1 Circuits of the Printer -----
Thu printer containa no plu~-in units, The gate chasses and relay 

circuits o.ro listed in tho following table, 

··---------- ---· --- -·----·-·-·------
Table s.1 

PRINTER CIRCUITS 

-r· --

1=----==-r=,·=~=~~='="-==~~=-,-- ··----
Nam a Position rliring 

yanoL I'UDOS 
.. 

Gat c A 2 3 - 20 PX..l2-104 

Gat 0 B 2 21 - 40 PX..l2-l05 

Go.t e c 2 41 - 60 PX..12-106 

0 D I 2 61 - 80 PX-12-107 
I 

Gat 

ay Strip 1 and 1 -80 PX-12-103 
3 

Punch 
i 

PX..l2-112 
---

j Re1~3 u 

~ 
9,2 Test Procoqure for tho. .Printer 

·-
Tost Charts 

-
Static: 

PX..l2-111 

I 

Inspoction .of PX-12-307 shows thc\t the printer cont11ins 11 tube i'or 

oach digit in oo.ch column of the co.rd bo.sidcs tho PM circuits, This means 

th~t any sy3tomatic chock of the printur must involve tho transmission of 

all poss iblo digits to all the ar,cumulators (or master programmer) from IVhicb 

printing-is done and o. co.rd printed after each transmission, Since it is not 

a!Y18o.b1e to punch the same nwnbor in all columns of a card a tasting 

soquonce similar to tho following is suggested, 

Cards should be prepared o.s follows. In some ten digit group, say 

correspondint; to ALR, in the constant transmitter, the following numbers 
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should bo punched, 

( 1) p 0123456789 
(2) p 1234567890 

(3) p 2345678901 

• • • • • • • • • 
(10) p 9012345678 

( 11) M 0123456789 

Th.,so curds aro then placed in th~ IBM reader and the programmL"''g 

arr~~cd as follows; 

1) ~~ roadGr roads tho first card, 

2) Tha nlllllbers of ALR are transmitted to all ur;cwnulators which 

pe.rticipute in the printing, It is also sug;:;ested that a.t each 

cr.rd roc.ding one' o be transmi ttod L'lto o.ll doco.dos of tho 

master progra;nmor which participo.te in tho printing, 

3) The printer prints the nu:nbor in the ~.ccumulutors and the 

muater programmer. 

4) The uccumulntoro ar::. s"lootivo claarod, 

5) Tho prooosc ropec.ts until all the curds havo boon road, 

NotG, thc.t if, duo to the typo of problem on the E'i!I.ii.C, it is 

inconvenient to selective clc::..r all the uccwuulc:~ors involved, th" cards for 

the; rer.der raay be prepared :cs followso 

( 1) p 01234 56789 

( 2) p 11111 11101 

( 3) Plllll 11011 

(4) P1llll 10111 

• • • • • • • • • • 
(10) p 01111 11111 

(11) p 11111 11111 
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Tho curds punched in the above test may be compared visually 01' 

they may be compared with a standard set in the reproducing punch, 

9,3 Types of Failure ~Ro~edy 

1) Failure of motor generator on punch 

a) Check a-c po>·mr supply. 

b) Check interco1u1ect ion to ENIAC, 

2) Failure of punch to operate when programmed, 

a) Card magazine empty. 

b) Card hopper full. 

c) Failure; of starting circuits in initiatinG unit, 
(see Chapter II), 

d) Failure of starting relay in printer (PX-12-103), 

e) Failure of punch starting circ~its (PX-12-112), 

3) Punch continues to operate. 

a) Starting circuits in initiating unit (see Chapter II), 

b) Chock reset cam in punch (PX-12-112), 

4) Plmch opero.tes but fails to feed a card, 

a) Cheal aenJ.itic.n of bott0111 co.rd in magazino .•. 

b) Peas ibl" mechanical failure in f~;ed mechanism. Call 

IBM servic0 department, 

5) Punch fails ·t;o punch card, 

a) Inspect digit relays (PX-12-103) back of panels No. 1 

or No, 3 to soe. if those pick-up. If thGse pick-up and 

card is not punched then failure is in IBM punch or 

int0rconnaction cable, If these fail to pick-up thon check 

starting relny (PX-12-103) nnd interlock C!llll, If these 
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pick-up but fail to hold check holding cam, 

6) Fails to punch in ~ particular column, Chock the corres­

ponding tube, rolay, or jumper connection on plug-board• 

(Soo PX..la.-104 to 107 1 PX..l2-l03, PX..l2-305,) 

7) Multiple punches in soma columns, Chock against multiple 

program pulses circulating in the EIIIAC, Chock tubas in the 

associated columns, 

B) Intermittent oxtro.noous pw1chings, Check associated relays 

for spring tension, Vibration may c~uso tho relay to 

gradually pick up, 
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X. KASTER PROGRAiollmt 

10.1 Circuits of the Master Programmer 

Note that 10 of the 1naster progr!UIImer transmitters are located on 

the cyclin~ unit, see PX-l-301. The following tables give a list of the 

plug-in units and chassis circuits of the master programmer, 

-
Table 10.1 

PLUG-IN UNI'j:'S 
-- ,.=,·-= --- -

N\DIIber of Units t!ame Wiring Test Charts 
~- -

20 Decade PX-6-101 PJC.-6-125 
- . ··--
10 Progr!UII PX-6-103 PX-6-123 

- ·-- -· --
10 Pulse Former and PX-6-104 PX-6-124 

~------
Carry-over 

20 Transmitter PX-6-105 PX-6-122 
·---- ----- -·---·----

10 Stepper PX-6-112 PX-6-126 .__ _____ -

r 
--- ---- ---

Table 10,2 

CllASSES CIRCUITS 

Name Position Wiring Test Charta 1---······· .. 
Panel-~' Tubes 

.. 

Statics 
PX-6-l20A 

Gate 1 cmd 2 41 - 60 PX-6-106 PX-6-l20B 
I PX-6-116 

J)yn!UIIiC: 
PX-6-121 

. -------- ------· ---------------- ------·- ---·· ·- -----------1- _______ j_ _ I 
')(-Note that the two panels of the master programmer are identical in their 
functions. Thus the gate chasses are identical on tho two panels. However, 
the plug-in unitD aro not arranged the same, some being on tho cycling unit 
panel. 

I 
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10,2 Operation Tests 

Most tests can be mo.dc using only the initiating pulse, 

a, Initially clear. Food initiating pulse into each decade direct 

input in turn. Decades should step once for each pulse, If next 

decade t<> the left is coupled to the one being pulsed, it should 

step once each time decade being pulsed goes from 9 to o, When 

decades associated in a group register nwnber set Oil top row of 

decade switches, they should clear on next "ulse, 

b, Make some test on steppers, using stepper direct input, Check 

operation of stopper clear switch by setting to various positions; 

stopper should count up to position corresponding to switch 

setting and then clear buck, Since cl~aring is done by CPP only 

1 add time after coincidence, it appears to be caused by pulse 

which puts decades into final position. 

c. Check stopper direct clear input by first running stepper up 

to soma stage other than first, as in (b), and then pulsing 

stopper direct clear input. This .should clear stcppor, 

d, Chock overall operatic" of each stepper by fcoding pulses to 

regular program input, Decades associated with program in usc 

should ragistor each pulse, and after a nmabcr of pulses equal 

to number sot on top decadli switches, doc~>dos should clear and 

stopper move up. Similar action should taka place for oach of 

tho six stopper stagos and each of the six corresponding sets of 

docado switchos. 

~. To chock outputs, usc same procedure as in d,, and feed output 

to another program input. Output pulses. one for each input pulse, 
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shoui.d be obtained as long as ste!Jper is on stage correspo::tding to 

output being u3ed; when ste!Jper moves up, pulses should be obtained 

from next output, etc, 

f. I1' it is d&s ired to chock ope.ration at normal speed, a. continuous 

program ca.n be s"t up using two celective claa.r tra.n•ceivors, feed­

ing outpllt ,,f ,,ach into i"put of tho other, and use this sor ies of 

pulses in tests d. and o, above, Outputs may, if desired, be 

observed on oscilloscope, 

10,3 Trouble Shocetin.£. 

Several possible faults arc listed bolow, togethilr with their probable 

causes and cures, 

a, Decade or stopper fails to cycle and will not clear to first or 

zero stagu - replace decade or stepper, 

b, Decad•J clears but docs not cycle - ropla~.e pulse former - carry-over 

Wlit. 

c, Decades i::titial~y clear but fail to clear on reaching eoinciu~nco 

with switch s<'lttings - c},cck coincidonc·~ gr.tcs, pardlcl ga.tcs, 

stopper output inverters; if none of these arc at f~ult roplaco 

progrwa plujj-in unit, 



XI,. A.C. E,~UIP:.EHT AND POWER SUPPLIES 

11,1 ~oductjgn 

This chapter covers thv following topics: 

1) A. C. ~ower and control system, 

2) Starti~ sequence. 

3) Power sup1,>l ics, ~lcodor, and condensers, 

4) Common failures, 

5) Ventilating system maintenance, 

11.2 A,_Q,_]'Jltror and Qol\:t<Lol System 

XI- 1 

Tho complete dia_;ram for tho power and control wiring is sho•m on 

drawing PX-1-101, Tho rack from which the: i •• c. pOIRII' is distributed to 

the EiU.o\C heaters, to the fans and to the power supplies is shovm on PX-1-304, 

Simplified vtiring dia,;rcms of tho power syster.: and control circuits are 

shown on the followinG: 

PX...l-303 

PX-9-307 

11,2,1 Fuses 

Power System Block Diagram 

Cycling Unit and Initiating Unit 
Block Diagram, 

Fuse sizes are shown on the drawings as follows: 

A.C. Main Fuses PX-1-101 

Power Supply HGater Fuses PX-13-111 

Fovrer Supl)ly Plate Fuseo PX-13-111 

D.c. Circuit Fuses PX-13-102 
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These d-e circuits and the pov;er supply heater circuits use 

Western Electric alarm typo fuses in the following sizas: 1/4 amp, 1/2 amp, 

1 1/3 amp, 2 amp, 3 a.11p, and 5 al.lp, In cert!lin cases (those marlced 5S on 

P~l3-l02) the 5 re.,ular ampere fuse was found to be inadequate. Western 

Electric Company does not r.1anufacturo those fuses in lar~er than 5 e.mperc 

rating. The 5S fuse is made by refilling a 5 amp. w·estern Electric fuse 

(catalog No. 35H)with a new link of Advance alloy round wire, 0,0126 inches 

in di!lmetcr, 

11,3 Starting Sequence 

Drawing Pi~l-112 is a chart designed to aid in locating troubles in 

the mo.i:l power sources which may develop during either the stArting operations, 

or during running; opcratio11 but affecting the main pow<.r sources or 

auxiliaries (fans), 

ln using the chllrt it should be remombored that since each stop 

is dependant on the iJrevioLts step, tho point at which the sGquence fails should 

be dotorminod so that possible trouoles beyond that point need not be 

inv;,stigatcd. 

\Vhen trying to locate trouble which has turned the entire machine 

off certain safoty switchc.s on the a-c distribution panel should be opened, 

This prevc:.nts any tasting (by going through portions of the starting 

sequence) from subjo,)ting the tub:;s to nw:~orous hoatin?~ and cooling cycles 

(which would il1cr~ase tho probability of failure of the tubes), If this is 

done c<>rtain protective relay circuits may be shunted f'or testing purposes 

'~ithout endangering th<> ENIAC, Furthermore, the control wiring, contact or &nd 

r<:>lay e.djust;:~cnt, and entire. starting sequence may then b0 t.;stod without 

turning the !!lain power on provided the under-voltage rolua>c a11d phase 

failure relays arG s!lLmtod, 
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11.4 Powor Supplies, Bleeders, and Condensers._ 

Tho following dra\vi11gs shovr tho wiring from tho a-c sourcos shown 

on PX-1-101 through th<> pow"r suppli:>s to the point wh<.;rc tho· d-e terminates 

at each unit as noted. 

11.4, 1 Supplies 

PX-13-104 

P:iC.-13-lOB 

11,4,2 Bleeders 

P"-'-13-106 

PX-13-112 

PX-13-102 

11,4,3 Condensers 

?X-13-102 

PX-13-109 

11,5,1 D-C Undervoltage 

Standard Povrcr Supply \'firing Diagram 

Power Supply and ~'lir ing Diagram 

Power Supply to Bleeders lnt<>rCol'mections 

Blood,1r Wiring Diagram 

D-C Volt<.go Chart (shows blooder to d-e 
panel connoctions) 

D-C Voltage Chart (shows d-e panel to 
condenser connections) 

Power Supply Condenser Wiring Diagram 

If, after attempting to turn the d-e on by depressing the d-e 

start button, the £:~ trips off at the end of the 10 second initial clearing 

perioq_, usually the trouble is caused by an undervoltage from one of the 

28 power supl)lies (undervoltage in supply Z will not trip d-e), Proper 

procedure to loc.:it,3 trouble is as follows: 

l. Turn d-e on again by d-e start button and check power supply 

fuses by observing neon l~nps in top of d-e fuse cabinet, 

2. If 1. does not detect the trouble, place a .jwnper across the 

series stop circuit which runs throui;,h the undervoltage relays 



XI - 4. 

(relays are located in one of the by-passing condenser 

cabinet~). Tur;;, d-e on again and note which relay fails to 

hold when piclc-up relays drop out. Caution: 1500 volts d-e 

potential on so:no :-elay contacts. Check corresponding pov1er 

supply for a +.u':Jc• with a faulty heater. Caution: .After replacing 

a pt:lwar supply t•l·oa allow 1 minute war111-up time before turning 

d-e 011, 

3, If no tubas are faulty check line fuses in power supply fuse 

panel, by rc:;~oving; pull-out block, and test in-. •.vith an ohm-

mct•.11", or so~1.e other co.ntu--..uity chacl:ii,1!!:. device. 

4, ~-1!2i forget to re<r.ovc jumper across undervoltago relays, 

11,5, 2 D-C Fuse Failures 

Quito fre~uontly tho operator forgets to sot the 9peration switch 

on ''l:lontinuous•bcforo turning on tho d-e. This will result in the blowing 

of a d-e fuse, 

Locating a blown d-e alarm fuse is usually not difficult, for these 

fuses hav~ indi-:ators which stand out whon tho fuso has blown, Occasionally, 

however, tllo fuse wiro may stretch, but not break (if it is operating noar 

its rating) permitting the alarm contact to close and tripping the d-e off, 

I>: such cases, a pars istont ond close inspection may be reqclired to locate 

th~ offending fuse, The correct sizes of fuses are shown on drawi11g PX-1:3-102, 

Under certab conditions, on turning Ol\ the -d-e the machine will 

trip off before-compl·)'ci·~a of the 10 second period due to blowing a d-e fuse, 

·:·;,., blown f'use ;,:ay ce ce.,1sed by an undervol taga in ono of tho d-e supplies, 

c .. 1d it is suggeGt<Jd that this possibility be ir.vcstir;att>d before assuming 

~;lut the troubh is in one of the E::IAC units, 
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11,5,3 D-C Undervoltago Roloaso Relays 

PX-13-113 sh~vs th~ connections and arrangement of those ralays 

which arc located in tho by passing condenser oo.binot and connected to tho 

d-e at that point, 

11,5,4 D-C Panel to ENIAC Unite 

PX-13-102 

PX-13-107 

D-C Voltaso Chart 

Cho.rt for D-C Wiring in Power Trough. 

This chart will aid in determining what 

voltago appears on oach terminal of tho blocks 

1o~at~d in the power wirin6 trough, 

PX-13-115 A and B D-C ~'v'iring in Power Trough. 

Those drawings onablo one to trace each voltage 

from tho panel to the various terminal blocks 

at the ENIAC units on which it appears. 

11,5,5 Replacement and Design Data 

PX-13-103 

PX-13-104 

PX-13-108 

PX-13-109 

PX-13-110 

PX-13-111 

PX-13-112 

PX-13-114 

PX-13-116 

Power Supply Drains 

Standard Power Supply Wiring Diagram 

POVIer Supply Z 1'Tiring Diagram 

Pmver Supply Condenser "lviring Diat;ram 

Meo.suromcnts on Chokes 

Powor Supply Data Chart 

Bleeder Wiring Diagram 

Po<.-cr Supply Specificut ions 

Povrer Suppl~r Replacement Part Test Data. 



11,6 ycntilation Systom 

ll, 6.1 Fans 

XI - 6 

The fans used in ventilating the ENIAC are American Blower 

Utility Sets Uo, 250C, 

1, lli2.~<&Jl.d justm~nt, 

Each fo.n unit is equipped with adjusta-ole motor sheaves, The 

speed of these ~,its may ~e increased by adjusting the motor sheave until 

the ;les ired air delivery is obtained, 1'o increase the i'a.n SIJeed (correct 

~peed is 770 RPM) the movablo flange of the motor shcavto must bo turned 

toward the fix~d fl•mgo, An Allen -.vranch is provided to loosel1 tho set­

scrcm locking theo flang;o. After th~. fls.nge has b~on turned the required 

BJ~ount, tho s-:.tscrevr should 'ole. tightenod loc!dng the flo.ng.:. in place, 

Caution: Tho flanr,o must be in such a. !JOsition that the locking screw 

rosts on tho flo_ts and l'.ot on th,., throadec! protion of tho hub, If nocossary, 

the '.Jolts should b" ad,justo;d as C.oscribed below, All s<;t screws should 

bo.: carefully ohockod and tightened at lc;ast four tir.Jos por year. 

2. V-B0lt ~rives 

Belt tension :;hould b·J just sui'ficient to clir..inatc excessive 

3ag on the slac!< sicio. To adjust the bolt tunsion loosen tho bolts holding 

the motor mountin& plate to the vibratlon de.mpcmcrs, Tho rnotmting plate 

zne.y t::·~:l be moved vertically up or down to the desired position and tho 

bolts tightened. 011 unit, ~iodol No. 250C, tho motor r.~ay readily bo r.1ovcd 

horizo01tally for r.:inor belt adjustmonts. 

To replace b-.lts, romovc. tho bolts from tho sheaves, thon remove 

the belts fro"' the ends of the bc.aring support, tilt the bearing supl;ort 

member until belts can be removed and the replacement mo.de over the ends of 
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the support member, Belts may also be replaced by removin~ bearing cap and 

pulling belts through the shaft hole in bea.ring support, 

The followin6 are typical V-Belts to be used for replacing belts 

which may become worn or may break: Dayton A3B, Thermo id No. 1400, BroYming 

VR.'l..Fill'-138, 

3, !l~or __ Qa.f!.t:~ 

Tho fan motors are providad with ball bearings, Ball bearings are 

filled -.-rith ;;r;;ase before lea·\iill{; tho factory, Thi~ grease should be re-

plcnished each six L1onths, 

Grease should be applied to tha ·ooar inr; from tubes which may be 

obtain<>d from the Fafnir Bearing; Co. or local ball bear inc distributors, 

High pressure :~ruaso guns force too much ,;rease into the boa.rings and through 

soa.ls a.nd ther~forc should not bo used. Uso only grease ha.ving th~ follow-

ing general spec if icat ions : 

l, Cons isto:'lcy a. 1 i ttlo stiff or than v<>se lino mo.intainod with 

minimum chn.nge over embient temperatures <mcou11torod, 

2, ]I;Qlting point c>reforably o.bov<> 150° C. 

3, Frocdom fro.:. sepnr::>.tion of oil nnd sonp under opora.ting and 

storage conditions. 

4, Freedom from a.br::tsivo matter, acid and alkali, 

The followin.r ···rc"s ~s or oqllivo.lonts :.re roca.mcndcd: Kcystono 44, 
0 " 

Master M31, Alemite 38, 

Fans .,rEJ eqllipped with self aligning sleeve b.o.arings of the bronze 

bushing typo. Tho oil is distributed by 1•\ean:. of :;re.phite piiclced oil grooves, 

Do not r";;1ovo this ::;ro.phite. Do not insert any pipi:lc; or pipe. fittings 
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botwonn oil cup and bearing. Fill tho bearing with ~ good grade of mineral 

oil or SJ\E •riscosity No, 40, To fill tho oil reservoir of fnn bearings, 

place nozzle of oil cun in tho bo'ctom of tho oil Cllp, fore ing in the oil 

until the reservoir nnd cup nrc full. For roo!l\ temperature loco For above, 

uso SAE No. 50 or 60. This type nnd grade oil is the snmo as used in 

automobile motoro, Inspect bo.:>.rings at lonst once evo,ry 30 days, 

5. F.'\. il uro 

Should a sin~lo fan stop, this will probably be caused by a fuso 

blowing in tho fan circuit, Thaso fuses nre located in tho fe.n pr.nel 

s"'" dro.vring; PX-1-304. Th" fuses usod to protect tho fans from overlends 

aro spoci~l, but readily available, Th~se fuses nro Bussman Manufacturing 

Company's 6, 25 amp 230 Volt Cc.1·tridgo Type Fusotrons. Only fusas having a 

thermal time delay char~ctoiristic and rated at 6.25 amperes should be 

used for those i'nns. Othc.rwiso all motor protection (dnngor of burning­

out windings) is lost, Another <>Ccoptablc fuse is Shc.vmmt J.;r,nufncturing 

Company's "Thcrmntrip". 

Should t:wse fuses blow n second time :1ftor hnving just been 

ropluc.,d, tho motor should be inspectc•l for causes of overload such as lc.ck 

of oilin6, worn bearings, tight belts, etc., and for grounds, 

All fans stopping at on~e may bo caused by a failur~ of the fnn 

source of pmYer caused by fuse operation, or manual op~ning of one of tha 

circuit safoty switches locatod on the a-c distribution rnck and in b~ck of 

the machinery l~borntory ~vitchboard. Fan power i3 uhregulated and is 

separate from E:UAC powor - soc PX-.l-101. 
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11,6.2 Air Filtors 

The c.ir filters used in the doors o.t the rear of tlw EiHAC nrc 

•Dustop• a.ir filters e.s manufactured by the Owens-Corning Fibor~la.s Corp. 

Si~ilar filters by other manufncturcro mo.y bG used but ce.rc should be ta.kcn 

to select a filter vrhich uses a fireproof adhesive similar to the Lindall 

adhesive used by Owens-Corning Fi:>uri;ls.s Corpot•ntion, 

Two r. izes of filters are used: 10 1 x 20• x 2•, and 20• x 20• x 2 1 , 

two of the for::1er being used only in those places where one 20• x 20" x 2• 

cannot be conveniently installed, i.e., in the bottom inlet on the two 

inlet doors, a11d in the two bottom inlets on the tbree inlet doors. 

In the ivloora School installation the 20° x 20• x 2• filters are 

o.lso ltsod in the fresh air inbt ehunber, 

The frog_ue>1cy of chanr;ing the filterc depends on prc.vailing dust 

conditions and can best be determined by examino.t.ion and expori0nce, An 

indication of the filter's condition can bo obtained by th<> temperature 

guagos in the ducts above each unit, ·,'lith new filters, th" tcmporaturo 

riae in each u;1it will bo approximiltely 11° F above ro= ambient. Should 

a co11S idorably lart;or rise coeur, and visual examination of tho filter 

indicates that thoy arc quito dirty, they should bo changed, 

11. 6,3 Door-of-Unit Dtll!lpcrs 

Those d<l.lrpors aro thoso which adjust the flow of air through tho 

abov<> mentioned air filtors, Tests have proven that for uniform temperature 

to cxiet within the cab incts. 75 ro of the air should en tor through tho 

lowor intake, and 25 9'o through tho upper. The damiJors should bo adjusted 

accordingly, with t!"!o fin: of th.;, do..mpcrs so ad,justod as to drive the 

incorainr; air toward the bottom of tho cabinet, All fills of any one do.mpor 
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should assurn:l tho srunc anglo:J so as to insure tho uniformity of tho filter's 

dust coll'; ct ion. 

11,6,4 Recirculating Dampers 

The vontiluting ducts arc arranged with automatic drunpcrs which 

tend to lw·op th~ E!HAC room c.t the t;Jmporaturo set on the controlling th..,rmo.. 

ctats (tho two th..;rmoatats which arc set on tho building wall behind 

accwnulo.tore 9 a11d 15). The dampers are so arranged that when the roor.t 

temperatu!"e rises abo-.re thermostat setting, more air will be exhausted 

to the outside and lens into the room eJld vice versa. 

The wiring diao;ram for this systa1n is shown on dra~ling p:x;..1-l01, 

The manufacturer's (!.,:inneapolis-Hc;meywell Regulator Co.) catalog numbers 

are also gi '!en on this drawing. In the diaf!;ram :;hovm it may have been 

necessary to interchange tho B and ·,v wires to obtain proper operation. 

Tho location of t;'" damper mo·cor circuit ft1ses i.s shown on dra•11ing PX-1-304, 

11.6.5 Scr·<ice Rcquir.::d by Recirculating Damper Motors 

Innsn;uc.h E.O all ;~oving parts of the. damper motor arc immersed in 

oil, periodic lubrication is not nocus~ary. 1'ho cover should be l<>rt on the 

motor ;;.t all timo" to protect th<J motor from 1tlst and mcchanicnl injury. 

It should 'uo noted that tho balancine; relay armatur& is adjusttJd 

to "mL'..l<o" cont~ct on one side when tho rclo:.:.y is dc-'i!norrsizc.:d. 

All sot scr-.>ws on the motor-to..dampcr 1 inka~es should be chocl(ed 

onco "c..ch month. 

Listed bo low are causes and effects of cert .. in conditions which 

m~y exist in the.. control circuit. 

1. Broken red wire or blue wiro in co:'ltrol circuit: Motor will 

ru;'l -to the closed posit ion and stay there, 
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2, Broko11 11hitc wiro in control circuit: l;otor will run to the 

open position ~nd ot~y th.rc, 

3, Loose or dirty conto.ct on control potent iomc'cor: !;jot or will 

run to .~~ho close por; itio11 \'lhon tho wiper on th·.J control 

pot•)l1tiomot.cr is •. t r.. posit ion whuro a poor contaOJt is 

cstr:..bl ichod, 

4, Insuf'ficiont voltage: The S">nsitivity of tho control circuit 

vrill be roducod, r.nd tho power •?f tho motor will be me.tc.rio.lly 

lessoned by o. voltn~~ drop, 

11, 6, 6 Room T~crJnostc,tc 

;>ct.tillJr.._Of l!_o.<?!!L.Ih£!J.U9.£..to.ts. T-D2A - Turn t.:.mparo.turo setting; 

s crr;w on top of 'cb.~·r;r,osto.t until in.Uc:::tor .Poiats to thc. des ired nvoro.gc 

room tompcrnturo on tl~o ~;ca.l~.:. 

Adjuot•;tunt o£J!...9.2..Til_:rhcrr;,ost:.j;_!J_, Factory cali:,ration - All 

thermostats arA oa.rer'ully calibratod at the factory and no attempt should 

be made to chaag;e any adjustment other than those mentioned under •settinr;• 

unless the thcrr.:ostat is found to be out of calibration after being in 

e.ctual oyeration for several hours. 

Therr.1ostats Nith non-adjustable diffc.rcnt ials ( TS2A) arc 

calibrated so that the sliding co;,tact is at tho center of tho potentiorneter 

coil -, ... hen t}u; roo;,, te101p<>ratu.re is equal to the sottin.; of tha indico.tor, 

Carn must b~ cxorcisod in ch~cking tho adjusi:illlmt of those 

thermostats since i1cat fro::: tho pote11tiom ... t~r coil af::·acts the thorr~ost .. t 

~tlli"oration and. tho rce,·ii!!~ of t~1c ~ovc•r thorr~orn.,toz- (if l1Sod) to the extent 

of about 3°, Th" thurmostat should therefore not be ch0ckcd ul'l·til it has 

b·:.on in opcr:ctio11 >eith the po''·.'vr on o.nd with the cover in pl.J.Ceo for at l<Hl.St 
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o.n hour. To ch~ck tho adjustment, (this should b" dono as quickly as 

possible, before the heat from the potentiometer can be dissipated, and to 
' 

prevent heat fror.t your hands or l1rea.th from affectine; the calibration) 

remove the co-~cr and 3ct the indicator to the roor.t temperature as indicated 

on the cover thcr·,.to!r.etur or oth_,r reliable thermometer placed near the 

thermostat, Then observe whether the slid. in~ contact is in the proper 

2osition (~0e prcccdin3 par~~raph), If it is not, t1~n calibration screw 

(on bottom of therr.lostat) to the right or left e.s necess o.ry to correct 

th" adjustment (turn to tho right to move slider to tho right). Each 

l l/2 turns is equal to e.pproximat~ly 1°, 

11,6, 7 Thermostats for ElliAC Protection 

These tc..•p~rature co.1trollors are of J,:inneapolis-Honeywall 

Regulator Company's l:'.anufacture and are ratod !ill follows: 

Remota Bulb Controller 

(;atalog iio, T-6l5A 

Range +65° to 140° F 

5 ft, Tubing with Bulb 

ll£_thod of S<ltting Md of Ad justinp: 
at top of box 

1. Turn o.djll~ting scrow/\until tho indicator on tho c·utsidc of the 

case. is onoositc tho d-:s ired •cut-out• t.lapcrc.turo, •R to w• c onto.cts ... 
mc.k: .... 0:1 t.;rnp~.:r:~tL~r0 riso - •R to 3• mr:Uccs on tcmporc.d:ure fnll. ~calo 

divioionn ~re !llr~rkud. num(~rica.lly. Bnch Fa.rcnh...:it division (on th£ lof't) 

._;quals 10° ttlld c::l.C}l Cuntigra.do division (en tho ri.:;.;ht) oqllo.ls 5°. 1·"ho 

noto.tions •L• o.nd •H• represent tho low :md high end of th.:. scab rc.ng'0 • 

2, On TS15A Controllor, tho diffcnntio.l between cut-in and 

cut-out t<;lHporr.'.;ur~s mv.y be incroas<:.d by turning 11djusting scrsw to the 
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right, :·rhich ro.is"s the indic:l.tor from •A• towo.rd •H• on tho diffcrontio.l 

SC:l.lo. Tho cquiv:l.lont n~~bcr of dogroos for oach division from A to H 

vo.rios vrith co,ch scale. r:l.ngc rmd with tha point o.t which tho indico.tor on 

tho m:l.in sco.lo is act, Tho approximo.to values howovor :l.ro :l.B follows: If 

tho main sco.lo indicator is set ne~ the low end (65° F) 6 a.ch division 

from "A" to •H• oquo.ls approximately 3 2/7°, o.t tho high end each division 

equals approximately l 3/70, 

For direct :l.Cting controls, tho cut-in temperature plus tho 

diffcronti:l.l equals tho cut-out tomporo.turo, and for rovorso acting controls, 

tho cut-out tEJmp.,ro.ture plus the differential equals the cut-in hmparo.ture, 

Mercury Switch Adjustm•mt: If the oporG.ting differential of tho 

controller is considcr:l.bly smaller thc.n th:l.t for which tho indicator is 

sot, tho m.;rcury switch may bo out of ndjustmcnt, This sometimes occurs 

whon c broke:n switch is rcplo.cod. Before making any o.djustmonts, however, 

be suro th:l.t the difficulty is not dua to the controller being •off level." 

Note the lovcl inC:icJ.tor, 

The ::.djustmant tr.:.1.y bo chcckc.d :l.S follow~: Sot the difforcntial 

india:l.tor r.pproxim .. toly o.t mid-3cr,lo, o.nd the tcmpllraturo indicator so 

that tho opor::.tint; lever rosts lightly c.g:::.inst its uppor stop, Pross down 

on the left hrmd und of tho opor&.ting lever until it is about midwo.y 

between its upp:or r.l>d lower stops and just touches tho differential lover. 

This movement shOL!ld not cause the mercury to change ends in the s\vitch, 

Furth,;r downward pressure on the operating laver vrill force it to the 

lower stop carrying; the dir'ferentio.l lever with it and will cause the switch 

to tilt and shift the r.tercury. Now, allOW! the operating le-~er to slowly 

return to midway between stops and note that the mercury s;>ould not shift 
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its position, Allow the operating levar to return to its upper stop and 

the switch should tilt back to its original starting position. 

If the switch does not operate in this manner, turn the eccentric 

screw slightly to the ri~ht or left as nucessary and r5-check as outlined 

above, 

To Replace L'ercury 3witch: Note that tho arrangement of tho 

contacts and flexible loads and m~ke sure that thoy are in proper position 

when the new switch is in place, Us•> tho point of a knife to pry tho 

svtitch clip loose fron1 thil mercury switch - never attempt to broak it loose 

with your fingers, '.'.'rap two layors of friction tape around tho switch to 

taka tho place of tho ambroid cemont.boforo placing tho switch in tho clip. 

Ch~ck th~ adjustment as outlined above, 

Cerre~t Temperature Setting of Thermostats 

The correct cut-out temperature is 120° F, for tho ENIAC units, 

Tho vontilatin& system was designed to permit approximately 11° rise over 

ambient tomperaturo Vlith now air filters. This would permit satisfactory 

oporat ion on dc.ys during which tho amb iont t<>mperaturo was 100° F allowing 

a safety margin, 

Tho equipment in tho power supply and bleeder cabinets vtill not 

be cnd~ngorod if the tompcr~turc rises 20° F, and so tho thermostats may 

bo ~ot up to 130° F if found n~co.•sa.ry, 

The absolute maximum temperature to which any of the ~ntilatod 

equipment ca.n be safely oubjoctcd is 160° F, including tho thormostc.t bulb 

::.nd duo consideration boing given to tho possibility of •hot-spots" it is 

folt thc.t th~ uforomontionvd Dottings ur~ re~sona.blo, 
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~===~It=e=m==-=·==-~::~;::;;-o~~T;~s=:~:=:=:y=ip=rn~,.e=l>=t-·" _ -=~=.--Re=~;-ks ----=t 
k~-- ----

Bench 
-·-.=.- . -·- ----- . 

PX-2-120 
2-121 
2-111 
2-112 
2-113 
2-114 

1 2-111 signal wiring, 2-112 
power wirin&, 113 switch 
po.nel, 114 fuse and by-pass­
in&, 120 transform~r, 121 
tube panel. 

J!-_p_cr_w_e_r_S-up_p __ -1-ie--s--- --- --- - -~~2-~~~--- --· -·----1-----------·--- --·----·-

2-103 
2-104 

1 
6 supplies 
2 supplies 
1 bleeder 

PX-2-102 
PX-2-103 
Plt-2-104 

--------------- - -- ---- ----- +--------1------·-----------·-·-------
Synchronizing Unit PX-2-115 1 Front Panel PX-2-115 

2-108 Wiring iliagram PX-2-108 

--~Y:;h;~ni~~~-~~it-·s-~;~~;--~~-2-~07-t--1----L---·--------
-- -------+-----+---------------- ,_ .. __ _ 

Test Oscillo5cope 1 PX-2-110 1 Includes probe with 4 detach-
i I able ends. C~onnects to Syn-

1-------------- ____ .J ______ ---j. -------- -·~'1.ronizin~_u_n_1_·t_b_y_c_a._b_l_e_. __ -+ 
Test Oscillator FX-2-117 1 1 Connects to synchronizing 

-------------------,------L-- _____ ... \ unit by 1 co~~u_:to~_cable, 
I Variable Pm•er Supply \PX-2-118 1 I Connects to bench by four 

1---------------1-~------+-------11-c-o_n_c!_u_c_t_o_r_c_ab_le_. ---------

f--H_iP_o_t_s_u_p_;,_1_~Y---·-·--· ~ FY-2-119 : 1 + 
Tube Tester I PX-2-116 ! 1 

1-------·-·---------+-----+----·- ----·----------
Voltohrnist Jr. I 1 1 

1-------------!------ ·--+------f-------------1 

1--s-~_"_P_s_o_n_l_a_et_e_r _______ +------+-·--1----~j! __ ·---------------

! 12 Conductor Shielded Cable 
I 

12 Co:>ductor Non-Shielded • 
Cable 

2 

5 

Connects only into sockets 
marked •s•. 

3 connect synchronizing unit 

'---------------+-- to its supply. ,. ---·--~-------~- -
4 Condl!Otor Co;mection 2 1 connects variable supply 
Cable i to bcmch, 

1- ·--------------+----+--·-----+- ---
2 Conductor Connection I 1 Connects synchronizing 
Cable sur;ply to AC 

-12 to 10 Conductor Spoc ia.i-1--- 1 · --1--To-()onne_c_t,...-p-· u~l.-s,-e--:.u-.,-p"""l...,.i"r-=-i-e:-r--1 
Cai>le to be;;ch 

I----.L~o-a,.....d=no-x-,-.n~ti~.,~22i=o=ru.,.,_ ___ +.p""""x._...,4,_-,..,.l0"":3-+----r...----+-,.F::-or=-=o.ltpU:t-1oaaon· pulse ___ _ 
re3istors amplifier, 

'--------------------~-------~------~---------------------J 
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12,1 List of Test E<J.uiprnant (cont'd) 

1 i I 

Item Drawing i 
Q.uant ity I Remarks ; 

Tube Circuit Flug-ir.. 
Tester 2 

·-· 

Plug-in Unit Pullers 2 For use in rernovint; units 
i'rom ENIAC. 

.. - ·---·-
Current Flow Test Set 1 Used to adjust relay-

consists of tool box o.nd 
contents. 

i Static Tester Flr.-2-109 1 For use with static test 

r 
charts for E'NL~~:; panel. 

Book of Photostats of 1 Plug-in unit drawings. 

i 
,.'firing a."ld Test Drawings 

: 
' :lervice 
I 

Logs 3 1 for ElliAC, 2 for units. 
+ 
I 

Pt!~h Switch 3.l"ld Cord For mo.nual pulse devicos, 1 

Screwdriver 1 

D io.;;onal Cut·cars 1 

Lonr, Nose Pliurs 1 

Soldering Iron 1 

Variable Pow0r Supply For connecting variable 
-~daptor 1 po\7er supplj7 to i .. ultiplier, 

C:'clii1g U:~ito, and Function 
Table pane lSI, 

12, 2 !lE> s cr int ion and ! :o.inteno.nce 

The foll<>wiilr; chart ( T3."ul.e 12,2) lists the uses of the outputs 

of the syHchro:..1.iz ing unit illustra.teJ. in drawi:•1;; PX-2-302 e.s used in 

tastinr; the plu~~·-hl uuj:~s as illustrated in druuing PA.-2-301. 



Table 12.2 l 

Plug-in Unit Drawing Fixed Scope Variable Train 
;iir ing Test + 

pi!. and :::lear Unit p:x;..5-l06 PX-5-127 Clear Tubes Troms. Tubes PI<: Counter 
r-- --------- ------+-- --------+------+----- --::.·--- -,------+-, ,..----:::-:---1--::-:------

Acc. Decade Unit 5-133 5-126 Carry Out Trans. Tubes Ri.lg 
:-------------1~-------- ---- ···- - ..... ------------- -------.--- - --------------t----------t--------1 

5-147 5-129 Sets F.F. Resets F.F,, 
transmitter 

S-148 5-128 Sets r.F. Resets F.F. 
--+--------- --·- ---------- --- -------+------1- --+------1------~ 

5-149 5-130 Ring (if 

' 
trans. used) 

Ring (if no 
trans. used) 

6-107 6-1 __ 30 I I Drives buffcm 
[---:-:--,::----=------;----;-;--:-:----t-----;;- ;:;:--+-· ---+--- ---+-------1-----:---:-----:--L----:---:-:==----i 

~------------------~----8--1-0~-----8-1~---~---+'------~-------------t--+--and------t-r_:n_n_i~-p-c-r_a_t_e __ h~-P-F----I 
i
i l!;,P, FrogrBJ;t Unit i 8-103 8-123 j Sots F.;;'. II Rosots F.F, Drives steppe 

! , gato 
f-------------1r----- ------. -------+-------+------t-------t-=------+-------l 
, l I Drives PF 

direct 
1 E.P. Pulse Former I 8-104 8-124 Drives PF 
i and Carry Over I through inv-

!-·1J. J?-:T"rans;,\ittor-Piug:t- - B-105 - --c!.:.T22-+--------r-------+--------t ;.,~~~·"":"':-s-t-r-... -n-s-. +--------1 
in Unit I gate 

M.P. Stcpp~r Plug-in [ 8-112 B-126 Drives ring 
Unit 

r--------~-----+-------~------+----4---------t----------4-----------
C.U. Transmitter Plug­
in Unit 

9-l02A 
9-l02B 

9-123 Drivos 
invortors 

' r------------~-------+--------~------+-----~---------+------------1r-------
ReE.der Inter lock Unit 9-103 9-124 Push button 

sets unsyn. 
F.F~ 

Sets syn,f.f. Resets syn. 
f.r. 

l 
L-----------------~------~---------~-----~------4-----------~---------·------------

>< 
H 
H 



Table 12.2 (cont'd) I 
Plug-in Unit Drawins:: . Train 

Wiring Test Fixed Scope Variable + - I -· 

Reader Printer Start- PX-9-104 PX-!L~22 Push Button Set reader Resets 
ing Unit resets and pr i.I1ter printer r.r. 

reader r.r. r.r. 
~-------- ··------·- ----- --- ------- ----------

Initiating Pulse Plu& 9-105 9-125 Push Button Sets syn. r.r: 
in Unit sets unsyn. Resets both 

f.f. f.f. and 
trans. pulse 

I 

-----1 ---- ----------- ------ -- ---- .. 

Reader Transmitter 9-106 9-121 Sets and I Plug-in Unit I resets r.r. ! 

Cycling Unit Delay ' Dr iYea i 
Line and Orr Beat 9-130 9-139 : l P•1lse Stan-
P.S. Unit ! 

dardi-zer _ -t -.-- . -- . f... -· - ---- ------ f-- I 
Cycling Unit Oscilla- I 

I I 
tor, L!anual Pulser 9-131 9-140 Push Butto1 
Unit operates I I I 

Pulse . 
' 

·----~----- ~~~~r--i ; 
Cycling Unit On-beat ! 
Pulse Standardizor 9-132 9-lU 

I 
Drives 

and AmP-Plug-in unit Pulse Stan-

J 
dardizer 
anl Amp. 

-------- ----
Constant Transmitter 11-115 11-125 \ Drivos 
Pulse Boostur Unit 

i 
Buffar 

---- ---------- -- -. --------1-·------ r-· 
Pulse .Amplifiur 4-116 4-118 Drives Input 

Buffers 
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12,2,1 Maintenance of Test Equipnont 

Static and dynar..ic test chu.rts ar<: provided for the synchronizing 

unit and tho tost oscillocoopo, Their mmbors o.ro Plt-2-112 end PX-2-110 

rospoctivGly, The variable power supply, the test oscillator, and the 

regulated power SUjJplies ara essentially of stc.ndard design so that 

maintenance can easily be providod by direct usll of the wiring drawings 

given in tha list in Sllction 12.1, Tht. tost bench is essentially a wiring 

distribution sockot po.nol similar in r.oost rosp"cts to tho socket panels of 

the ElHAC proper, Tb;. fusing and AC powor control fe&turcs aro copius of 

similar •.,quipm•mt for tho EJIIAC, Familiarity with E:liAC mdntono.nco in 

which 
those respects provide ample bnckground"togethc.r with th:; wiring diagrams 

appropriato to ths test ~quipm.;nt aru all that is necessary for tc.;st 

cquiprne;1t maintenance, Howcv<.,r, a word sh<>uld bo adclod concerning tho 

special tube chassis in tho tc:.st bench, ·rllis chr.ssin contLlins a fc.w 

tubes from tho accumulator gate crnssis, P:~5-ll7, ossontial to tho 

coupling of transceiver and repcat,;r pluG-in units when jointly operated as 

desired in toctine:; from time,; to time (soc illustro.tion in block diagrBIII 

Plt-2-301), Thll circuits arc diroct copic.s of the Eimilarly named tubes on 

dro.wing PJC.-5-117 e.nd no diffiC11lt~· in mainto.inin.> them will b" encountorcd 

if this reference is kept in nind. The static panel tc.ster is osscmtia.lly 

a wiring distribution panel and no particular problems should be encountered 

in l'lainte.ining it. Its use is described in section 12.3 below. Thtl tube 

test~r contains 110 spacial equipment and can bost be maintained with 

reference to its wirinG drawing. A word of caution 011 the tube tAster, 

however, is that ,,,hen some of its fuses blow, erratic and unusual operation 

may occur so that ilofore concl11ding some importa>lt failure has occurred, 
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the fuses should be checked, The operation of the tube testor is described 

iu the deta.i led instructions on&ra.vod on its pa.nol, 

12,3 Uso of Tost Charts 

Tharo is provided a. static and dynrunic tost chart for each 

plug- in unit as listed in sect ion 12.1 and on dravling PX-2ool23, a copy of 

"hich is insido thG left panel door of tho test tablo. Also listed on 

PX..:e-.123 a.ro th" names and wir inb dro.wint; nwnbors of the individual plug­

in units, Tho description on the static-dynamic tost drawini; for oach 

unit duscrib"~ in detail the instructions necessary for carryi11g on tho 

test pro&ram in accordance with tho chart in section 12.2, 

For the E!IIAC •gato• pa.nols, those scctionc \thich uro not 

removable plug-in units, thore is provided static nnd dynamic tost charts 

juat a.s thoro a.ro for the plug-in w1its thcm3elvcs. A list of those 

charts is given in a ta.blo at tho begin;1ing of ;)ach cho.ptor for the units 

of tho ENIAC un1cr the column •T.:.st Charts•. A special static tester, 

PX-2-109, was des igncd for usc with these charts. By reference to 

drawing PX-5-109 and tho •lcgcmd• and note above the po.nel illustration 

on occh static tost chart, full information io found for tho use of tho 

static tester, 

12,4 Usc of Test Eguinmont \'fith El:IIAC Propor 

Tho vcrio.ble test oscillator, tho variable power supply, and tho 

test oscill oscop<J provide c mvonioacos in to sting the EtHAC, 

12,4,1 Test Oscillator 

In the cycling unit p11nol of tha EUIAC thoro is a socket and 

awitch provid~d so that the test oscillator may replace tho crystal 

controlled oscilla.tor norma.lly used in tho ENUC. By connecting the tost 
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oscillator, tho ENIAC mny be oporatod at faster or slower speeds providin' 

means of checking the frequency tolerance in built-in rings, and perhaps in 

localizing certain types of faulty operation. 

12,4.2 The Variable Power Supply 

By tho same token, the variable power supply may be com1ected 

into function tablo, multiplier, and cycling unit by the uao of variable 

powor supply adaptor, PX-4-120, to provide volta&c tolerance tests on 

built-in rings in th~ ENIAC, 

12,4,3 Test Oscilloscope 

The test oscilloscope is especially adaptable for synchronization 

from the central program pulses (CPP) of the EiiiAC, and 11. special blnnk­

ing circuit also provides for turninb •on• or •orr• any section of the 

sweep by control of tho central program p•1ls es, 

12,5 1!.).ue:-in Unit Tost Voltages 

In moat instances the plug-in unite aro tested with tha voltagos 

givon on tho wiring diElgrams, Howovvr, in some casos it was expedient to 

test at difforont voltages, Tho table below gives th~so chnngos. 
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--
I Wiring D io.grlllll Tost Table 

Plug-in Unit Volta.gos Voltages 
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Mastor Progro.rnmor Frogr!llll +290 -180 
(PX-8-103) +220 -250 

+369 -105 
+460 - 10 
+300 -170 

Master ProgrflJJilnor Tra11srnitter + 95 + 20 
(PX-B-105) +150 + 75 

+230 +150 

Master Cycler Reader Printer 
Starter (PX-9-104) +200 +150 

!Aastcr Cycler -345 0 
(PX-9-102) -475 -130 

-120 +225 
-295 + 50 

Constant Trunsmittar Pulse 
Booster (PX-ll-115) +110 +105 
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as follows: 

PREFACE 

The Report on the ENIAC consists of five sepa.z'ately bound parts, 

1. ENIAC Operating Manual 

2. ENIAC Maintenance Manual 

3. Part I, Technical Description of the ENIAC 

Volwae I (Chapters I to VI) 

4, Part I, Technical Description of the ENIJ..C 

Volume II (Chapters VII to XI) 

5, Part II, Technical Description of the ENIAC 

Included with the Operating Manual and Parts I and II of the Te•hnical 

Description are all drawings ( S"'" table 0. 3 below) which are required i'or 

understanding these reports. The 1[uintenance 1lunual e.sstunes access to the 

• complete file of ENIAC drawings. 

Part I of the Technical Description is intended for those who 

wish to have a general understanding of how the ENIAC works, without con-

cerning thernselves with th'J details of tha circuits; it assumes no knowledge 

of electronics or circuit theory, P~rt II is intended for those who require 

a det>~iled understanding of the circuits. Its organizr-.tion, to a great extent, 

duplicates that of P-:lrt I so <•s to make cross referencing betlleen the two parts 

easy, 

The ENIAC Operating Manual contains a complete set of instructions 

• for operating the ENIAC, It includes very little expl~natory material, and 

hence assumes fruniliarity with Part I of thr~ Technical Description of the 

EliiAC, The ENIAC Mai.nt•me.nce Manual includes d•::scription of the various test 

units and procedures for testing, as wdl as a. list, of conunon and prob~.ble 

• sources of trouble, It assumes a complete understanding of the circuits of 

ENIAC, i.e. a knowledge of both Parts I and II of the Technical Description 

of the ENIAC , 



The Report on the ENIAC and the complete file of ENIAC drawings 

constitute a complete description and set of instructions for operation and 

maintenance of the machine. The drawings carry a number of the form PX-n-m. 

• The following tables give the classification according to this numbering 11ystem. 

TABLE 0.1 

Values of Division 
n 

1 General 

2 Test Equipment 

J Racks and Panels 

4 Trays, Cables, Adaptors, and Load Boxes 

5 Accumulators 

• 6 High Speed Multiplier 

7 Function Table 

8 Master Programmer 

9 Cycling Unit and Initiating Unit 

10 Divider and Square Rooter 

11 Constant Transmitter 

12 Printer 

13 Power Supplies 

• TABLE 0.2 

Values or Subject 
1!1 

. . . 
101-200 I Wiring ~grams 

201-300 Mechanical Drawings 

301-400 Report Drawings 

401-500 Illustration Problem Set-Uos. 
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The reader of this report will be primarily interested in the types 

of drawings listed in the following paragraphs, A table on page 4 gives the 

corresponding drawing number for each unit of the ENIAC • 

1) Front Panel Drawings, These drawings show in some detail the 

switches, sockets, etc,, for each panel of each unit, They contain the 

essential instructions for setting up a problem on the ENIJ.C, 

2) Front View Drawings, There is one of these drawings for each 

kind of panel used in the various units of the ENI.iLC, These show the relative 

position of the trays and the location of the various neon lights, SiPce these 

drawings show the neon lights, they can ba used to check the proper operation of 

the various units, 

3) Block Diagrams, These drawings illustrr.te the logical essentials 

of the internal circuits of each unit, That is, resistors, condensers, and 

some other electrical details are not shown; but complc:te channels (paths of 

pulses or gates representing numbers or program signals) are shown in all their 

multiplicity, Thestl drawings will be of interest to those who are interested 

in Parts I and II of the Technical Report, 

4) Cross-section Diagrans, These drawings are electronically complete 

except that only one channel is shown where ther~ is more than one, Thus, these 

drawings show every. resistor and condenser and &QY other electronic elements 

belonging to any circuit, Those drawings will be of particular interest to 

the maintenance personnel and to those reading Part II of the technical report, 

5) Detail Drawings, All other drawings of the ENI.It.C come under 

this heading, A complete file of drawings is available at the location of the 

ENIAC<1 
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Unit Front Panel 

Initiating PX-9-302 
Unit 9-302R 

Cycling Unit PX-9-303 
9-303R 

Accumulator PX-5-301 

Multiplier PX-6-302 
6-302R 
6-303 
6-303R 
6-304 
6-30/.R 

Function Table PX-7-302 
7-302R 
7-)03 
H.Ql!i 

Divider and PX-10-301 
Sguare Rooter 10-301R 

Constant Trans- PX-11-302 
mitter 11-302R 

11-303 
11-303R 
11-304 
11-301.R 

Printer PX-12-301 
12-301R 
12-302 
12-302R 
12-303 
l2•303R 

)(Elster Pro- PX-8-301 
grar.mer 8-301R 

8-302 
8-J02R 

Table 0.3 
ENI/>C DRi.NINGS 

Fr·:>nt View 

PX-9-305 

PX-9-304 
PX-5-305 

PX-6-309 

PX-7-305 

PX-10-302 

PX-11-306 

PX-12-306 

PX-8-303 

Block Diagram 

PX-9-307 

PX-9-307 
PX;_5-304 

PX-o-300 

PX-·7-304 

PX-10-304 

--pj{-11-307 

PX-12-307 

PX-8-304 

Other drawings of particular interest: 

Floor Plan PX-1-302 IBM Punch and 
;,,c. Wiring PX-l-303 Plugboc:.rd 

Cross - Section 

PX-5-115 

PX-t:>-112A 
6-ll2B 

PX-7-117 
7-118 

PX-11-11o 
11-309 

{C,T. and R, 

PX-12-115 

PX-8-102 

PX-12-112 
PX-12-305 

IBM Reader and PX-11-119 Puls•' .. J;tnlificr und PX-4-302 
plugboard PX-11-305 Block Diwgr:!L"• PX-4-301 

Interconnection of Multiplier end ~ccumulators PX-6-311 
Interconnection of Divider .~d ~ccumulators PX-1Q.o307 



• the front view drawings and the large front p9.nol drawings (whose 

numbers do not end with "R") are bound as a part of the Operator's lianual, 

Included with the rc:port is a folder containing all the drawings 

listed in tho above table except the largo front panel (see above), A com-

~ plete file of drawings is available at the location of the ENIAC, 

• 

• 
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PART I 

TECHNICAL DE:SCRIPTIOI< OF THE ENIAC 

by 

Adolo K. Goldstine 

Mooro School of Electrical Engincoring 
Univorsity of Ponnsylvania 

----~ 
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• I, INTRODUCTION 

1,1, BRIEF DESCRIPTION OF THE ENIAC 

• 1,1,1, What the ENIAC Does 

The Electronic Numerical Integrator and Computer (ENIAC) is a high-

speed electronic computing machine which operates on discrete variables, It is 

capable of performing the arithmetic operations of addition, subtraction, multi­

plic~tion, di~ision, and square rooting on numbers (with sign indication) expressed 

in decimal form, The ENIAC, furthermore, remembers numbers which it reads from 

punched cards, or which are stored on the switches of its so called function 

tables, or which are formed in the process of computetion, and makes them avail­

able as needed, The ENIAC records its results on punched cards from which tables 

• can be automatically printed, Finally, the ENIAC is ~utomatically sequenced, 

i,e,, once set-up (see Sections 1,1,4, and 1,4, and subsequent chapters) to 

follow a routine consisting of operations in its repertoire, it carries out the 

routine without further human .intervention, When instructed in an appropriate 

routine consisting of aritn~etic operations, looking up numbers stored in 

function ~bles, etc,, the ENIAC can carry out complex DliLthematical operations 

• 
such as interpolation and numerical integration and differentiation, 

The speed of the ENIAC is at least 500 times as great as that of any 

other existing computing machine, The fundamental signals used in the ENIAC 

llN emitted by its oscillator at the rate of 1001000 per second, The interval 

';etween successive signals, 10 micro-seconds, is designated by the term pulse 

time. The time unit in which the operation time for various parts of the ENIAC 

is reckoned is the addition time, An addition time ts 20 pulse times or 200 

micro-seconds (1/5000 th of a second), An addition time is so nam6d because it 



• 
is the time required to complete an addition. Other operations require an 

integral number of addition times (see Table 1-1). 

I- 2 

~ 1.1.2. The Units of the ENIAC 

~ 

~ 

The ENIAC proper consists of 40 panels arranged in U shape, 3 

portable function tables, a card reader, and a card punch (see PX-1-302). The 

tenn unit of the ENIAC is used to refer to ono; or more pb.nels and associated 

devices (such as the portable function tables, for example) containing the 

equipment for carrying out certain specific related operations. 

The units of the ENIAC can be classifi~d functionally into 4 categories: 

arithmetic, memory, input and output. and governing, The arithmetic units include 

20 accumulators (for addition ~d subtraction), 1 high-speed multiplier, and 1 

combination divider and square rooter, There ''rc two primary memory aspects in 

the ENIAC: memory for numbers and memory for programming instructions, The 

constant transmitter, 3 function tables, :md thEl 20 accumulators provide numerical 

memory. The constant transmitter with its associat~d card re~der reads from 

punched cards, numbers that are changed in the course of a computation and makes 

these numbers available to the computer as n~eded. Numbers that re1~ constant 

throughout a computation are stored on the switches of the constant transmitter 

or of the portable function tables and emitted when needed. The accumulators, 

not only function arithmetically, but also can be used to store numbers which 

c.re computed in on~ part of a computation and required in other parts. All 

uni..ts havte program controls (see Sections 1.1,4, and 1,3.1.) which contribute 

+.o the prograr.1ming memory in the following ways: 

1) by recognizing the reception of a prograo input signal which 

.. stimula.tes the unit to perform 
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2) by causing the programming circuits (see Section 1.3.) to 

operate (as specified by the setting of program switches when 

there are options regarding the operation to be performed) 

and 3) on the completion of the operation, by emitting a program output 

signal which, by mcu.ns of program ea.ble connections to program 

lines (see Section 1.1.4.) is brought to other units to cause 

them to operate. The program cable connections and switch set-

tings arc established before the comput~tion begins. 

The kind of programr.~ng described in points 1, 2, and 3 above is 

described as local programming ~ory because it is taken care of locally at each 

unit for that unit. The master progranr.ter provides a certain amount of centralized 

programming memory by coordinating the local prograoming of the other units. 

• The input devices for the EKIJ..C consist of the card reader and the 

constant transmitter mentioned c.bove in connection with numerical memory. The 

printer and card punch record computed results. 

The governing units of the ENIAC are the initiating unit and the cycling 

unit. The initiating unit has controls f::>r turning the power on and off, starting 

a computation, initial clearing, and other special functions. The cycling unit 

converts 100 kc sine waves emitted by its oscillator into a fundamental train of 

signals repeated every addition time (i.e. repeated 5000 times per second). 

These signals include various sequences of pulses and a gate. The term p~ 

• is used to refer to a voltage change (either positive or negative) from same 

• 
reference level and the restoration to the refcrenc" level which takes place 

in a short time, between 2 and 5 mic~o-seconds. The term gate also refers to a 

voltage change and the restoration to the reference level but differs from a 

pulse in duration. In the ENI.ii.C a gate lasts for at least 10 micro-seconds. 
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The nomenclature for and th" temporal order of the cycling unit pulses and gate 

are shown on PX-9-306, 

Table 1-1 lists the units of the ENihC, their operations, and 

~ operation times, 

1,1,3, Representation of Digits by Pulses 

With a few exceptions digits are communicated from one unit of the-

ENIAC to another in pulse form, Digit trays stacked above the front panels 

running from accumulator 1 to the second panel .~f t,he constant transmitter are 

used for this transmission, h digit tray has 11 wires and a ground, Each of 

ten wires carries the pulses for one place of a 10 place decimal number, To 

represent the digit n (where 0~ n~ 9) in a po.rticular decimal place, n pulses are 

transmitted over the wire associated with that particular decllnal place, The 

~ 11th wire is used for the transmission of sign informaticn, No pulses are 

transmitted for sign plus and 9 pulses for sign minus (see the discussion of 

complements below), Pulses are transmitted over all 11 conductors simultaneously, 

Each digit tray is 8 feet long and runs past 4 panels of the ENIAC, 

A 12 point terminal at each end of a tray makes it possible to connect a number 

of trays serially by means of jumper cables so as to form a digit trunk passing 

as many units of the ENIAC as desired, Spaced at two foot intervals on the 

digit trays are additional 12 point terminals, Units which are to communicate 

with one another in the course of a computation have their digit input and/or 

~ output terminals connected by means of digit cables to these 12 point terminals 

0n a digit trunk, A resistance load box is plugged into bn unused terminal on 

dther the first or last tray of a digit trunk, This makes it possible to con­

nect varying numbers of units in parallel into a digit trunk, At any given time, 

411' only one 10 digit number with its sign may be transferred over a particular digit 
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trunk. More than l unit may listen to this number, Through the use of more than 

one digit trunk, several different numbers llllly be transferred simultaneously, 

(also Section 1,1,5,), 

The units of the ENIJ,C trr.nsm:it numerical information by emitting 

appropriate numbers of the 9 pulses or of the 1, 2, 21 and 4 pulses and the 11 

pulse (sec PX-9-306) which they receive from the cycling unit, Jo.cidition is 

performed in accumulators by means of 10 decade counters (see Section 1,2,2,), 

one counter for each decimal place of a 10 digit number, and a binary counter 

for sign plus (P) or minus (M), These counters are advanced one step by each 

pulse received, The decade counters and PM counter of an accumulator are so 

interconnected that provision is made for carry over, Subtraction is performed 

by adding the negative of the subtrahend to the minuend • 

In order to avoid the necessity for cycling counters backwards, the 

negative of a number is represented as a complement with respect to a power of 

ten. Let us consider the decimal point to be located at the extreme right of 
10 

an accumulator, Then the complement with respect to 10 of the positin number 

stored in an accumulator as P + l a 1 , 10
1 

is formed by transmitting 9 pulses 
~"'() 10 9 i 

for sign M and by transmitting the digit pulses for 10 - :i: ai • 10 , 
10 ~'"0 

Similarly, the complement with respect to 10 of the negative number stored 

as M + ..i bi • 10i is formed by transmitting no pulses for sign P and by trans-!;() . 
mitting the digit pulses for 1010 - ~O l:i , lOi, For eXIIIllp1e, the complement 

10 10 
with respect to 10 of PO 000 023 407 is M9 999 976 593~ the lO complement 

of M9 307 504 000 ia PO 692 495 000, J:.s will be shown in the chapter dealing 

with the accumulator (Chapter IV), the mechanics of transmitting the digit pulses 
10 

for a complement with respect. to 10 actually consist of transmitting first the 
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9 
pulses for r r=o 

i 
(9-a1) , 10 and th•m of trc.nsmitting one mc:re pulse in the 

0 
10 decade place, The terms 9-ai are called nines complements, 

If desired, operations r;llly be performed on n digits where n •.::-10, Here, 

we consider the significant figures to be bce.ted :1s far to the left as possible 

in the accumulator with the decimal point t,) the irnmeclif.Cte right of the last 

significant figure at the right. Then, the digits f"r E. conplemt>nt with respect 

to lOn are formed by emitting nines comple;n"nts in all ducade places and them by 

th emitting an additional pulse in the n decade place fron the left, 

Because the counters in an accumulator are so connected that there is 

carry over not only from each decade C•Junter to the one on its left but also 
th . 

fran the 10 decade counter to the binary counter for sign, the usual arithmetic 

pr::>perties obtain when complements are used in nddition end subtraction, In 

this cc.mnection, it should be noted that even though, in the above discussion, 

we implied that sign P indicates a p·Jsitive number and sign M a negr•tive number, 

these signs may have another neaning, For eXP .. mple, if an accumul~.tor holds 

P9 999 999 999, the carry-over to the PM c.)unter which results when a positive 

number not in excess of 1010 is added to this numbt>r, causes the accumulator to 

register sign M. Here the M indicates that the sum is err seale, 

1.1.4, Programrai.ng by Means of Pulses, Switches and Cahles 

Before a conputati:m can be performed on the ENII•C, not only must the 

digit input and output terminals of the units be connected into digit trunks 

for the c:>mmunication of numerical data, but also the units must be set up so 

r.s to recognize when they ar(; tr, ">perate and which p:l.rticular operations are to 

be performed, Progran control5 and program trays and cc.bles e.re. used to instruct 

the ENifiC in the rrogramming roquirer.1ents for a p1lrticular comput·ation, 
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Each unit of the ENIAC has one ·Jr more program controls. These 

controls are either of tho repeat or non-repeat type. Non-repeat program 

controls have an input terminal for a program signal and a receiver(see be~ow 

and Section 1.2.4,). Repeat controls have both an input and an output terminal 

for a program signal and a transceiver (see bll'l.ow and Section 1.2.4.) or sane 

logically equivalent device. Each program control on a unit which is capable 

of more than one operation or which is capable of performing operations in a 

variety of ways has a set of program switches. 

Receivers and transceivers alike have the following properties: 

l) they have two stable states which will be referred to ·as the normal and 

abnormal states; 2) when a prograc input signal is received, they are set into 

the abno=al state; 3) they are so connected (thNugh the program switches, 

if any) to the programming circuits (see Section 1.3.) that, in the abnormal 

state, they cause the programming circuits to function appropriately; and 4) 

when the required routine has been co~pleted, they are reset to the normal state 

so that activity in the unit ceases. When the set of instructions either set up 

on the program switches of a repeat control or built into the programming circuits 

have been completed, ~oreover, the transceiver of a repeat program control causes 

a central pr<)grBilllling pulse (CPP on PX-9-306) to be emitted as a proe;r.3m output 

P-ulse fran the program control's output terminal. 

The program trays, like the rligit trays are 8 feet long, contain 11 

wires and a ground, and have 12 point terminals at each end, so that as many 

trays as desired can be jumper connected to form a program trunk. As in the case 

of digit trunks, too, a resistance load is plugged into an unused terminal at 

one end of a program trunk. Each of the 11 lines running the length of a program 

trunk is referred to as a program line. The program treys differ from the digit 
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trays only in that at two foot intervals the program trays have a set of 11 

two point program terminals (1 wire and a shield) insteM of a 12 point digit 

terminal, Input and output terminals of ;lrvgret'. controls are connected to the 

• program lines by means of program cables, 

The pr<>cedure for instructing the ENiit.C in its routino, then, consists 

of setting program switches on the units so that, when stimul'"ted by a program 

input pulse, the progra~ controls will cause the units to carry out a set Jf 

specific operations, . The temporal order in which the operations are to follow 

one another is determined by the manner in which program ~ulse input and output 

terminals are connected to program lineos, .. 11 program contr0ls whose program 

pulse input terminals are connected int'' the same progrsm line start to operate 

simultaneously when that prC>gram line carries a pr~r,ram signal, If one of the 

• program controls thus stimulated is a repeat program control and if its program 

• 
• 

pulse output terminal is connected to a second program line all program controls 

whose program input terminals are connected to this second program line start to 

operate when the routine set up on the repeat program control has been completed, 

The schematic diagram of Figure 1-1 illustrates the method of setting 

up an extremely simple computation. Each rectangle within the square that 

symbolizes a unit of the ENIAC represents a program control with program pulse 

input terminal and output krmina.l and possibly program switches, The instructions 

set up on the program switches of a program control are described inside the box 

representing the program control, 

1,1.5. Synchronized System 

All units of the ENIAC operate in synchronism with one another, i,e,, 

all units that start to operate at the same time complete their operations either 

at the same instant or at times that differ by an integral number of addition 
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times, The phrase "complete an operation" covers not only finishing the numeri­

cal processes involved in the operation but also the emission of a prograD output 

signal, 

• The basis of this synchronization is the fundamental train of pulses 

and a gate emitted by the cycling unit and delivered to all units of the ENI~C 

by means of a set of jurJpcr connected tr~ys called the synchronizing trunk, 

These trays are physically the same as the digit trays, The central programming 

pulse (CPP) emitted by the cycling unit in pulse time 17 of every addition time 

cycle plays a major role in such synchronization since the program output pulse 

which a repeat program control emits upon the completion of a program results 

from allowing a CPP to pass, The units of the ENIAC, moreover, have been so de­

signed that in order to complete their operations they require the pulses and 

• gate of either one addition time cycle· or of an integral number of addition time 

cycles, 

Even though the electromechanical devices used with the ENIAC, the 

reader and the card punch, do not teke an absolutely definite number of addition 

time cycles to complete their operations, these units have been integrated into 

the synchronized system since they have been provided with program controls 

which emit a CPP as a program output pulse. Units of the ENI~C can even operate 

in parallel with the card reader since t h e reader does not emit a program 

output pulse signifying the completion of reading until it has received as en 

• interlock pulse a program output pulse from some other unit of the ENIAC to 

indicate that the sequence carried on in parallel with reading has been completed, 

In this r.,port, incidentally, we will follow the convention that an 

addition time has its origin 3 pulse times after the CPP e.s shown on PX-9-306, 

• This means that we will talk about a program's being stimulated at the end of 
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addition time i and being carried out in addition time i + 1 by means of the 

cycling unit pulses and gate emitted during addition time i + 1, 

Because the units of the ENIAC operate in synchronism ~ith one another 

and because multiple digit and program trunks have been provided, the operator 

can 3Chedule parallel operations when planning the set-up of a problem, For 

example, the multiplier can be operating while several accumulators are performing 

additions and subtractions and while the divider is finding a quotient, Naturally, 

the scheduling of parallel operations requires that the operator plan for the use 

of separate digit trunks for the various operations and, in some cases, requires 

that attention be given to the number of addition times needed for the operations, 

1.2. ELECTRONIC ELEMENTS 

The circuits of the ENIAC are designed around a relatively small number 

of basic electronic elements, The following discussion, whi~e wholly inadequate 

to convey any real knowledge of vacuum tubes or their action, is intended to 

enable the reader to obtain a fonnal acquaintance with some of the phenomena and 

terminology connected with the ENIAC. 

The simplest tube used is the triode, so called because it hss 3 

characteristic elements, namely the cathode (surface which giv6s off electrons), 

the plate or anode (surface which receives electrons), and the grid (which con­

trols the current passing through the tube), In addition, there is a heater to 

bring the cathode to the temperature required for it to emit electrons, Some­

~imes, 2 triodes are housed in one envelope, We shall rc~er to these as two 

tubes, other tubes used in the ENii.C are multigrid tubes, for example, the 

pentode which has 3 grids, 
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To say that a tube is "on" or conducting means that with the usual 

convention of sign, current is flowing from the plate to the c~thode, This 

implies that the plate is at a slightly higher voltage than the cathode, but 

• that this voltage drop is trifling compared to the drop when the tube is 11 off 11 

• 

or non-conducting, Thus, if a tube is turned 11 off", i.e, changes from conducting 

to non-conducting, the voltage of the plate is raised and the.t of the cathode is 

lowered. Hence the plate emits a positive signal and the cathode one that ie 

negative. If the tube is turned on these signs are reversed, \Vithin appropriate 

limits, a tube is conducting if its grid (or grids) is (or are) kept above a 

certain voltage, non-conducting if below that voltage, Thus a tube is turned on 

by applying a positive signal to its grid (or grids), turned off by a negative 

signal • 

In all cases, vacuum tubes in the ENIAC circuits are used only as on-

off devices instead of as amplitude sensitive devices, i,e,, the presence or 

absence of a signal depends on whether a tube is conducting or not-conducting 

and not on any measured magnitude of current and voltage, Furthermore, the 

mwchine has been so designed that signals are not constantly being degenerated 

but instead are regenerated from time to time out of the fundamental train or 

pulses and a gate emitted by the cycling unit, 

1,2.1. Single Tube Elements , 
1.2.1,1, Buffers and Cathode Followers 

• Buffers and cathode followers are normally non-conducting tubes with 

~ single input and a single output, When a positive signal is applied to the 

3rid of a buffer, the output, taken off the pla.te side, is negative, In the 

cathode follower, where the output is takan off the cathode, the application of 

~ a positive signal to the grid results in the emission or a positive signal, 
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When the outputs of a number of buffers or cathode followers are con­

nected together to a com'llon load resistor, the resulting circuit provides for 

the logical "or" since when any one of the buffers or cathode followers receives 

a positive signal, the circuit enits a nt.ga.tive or p:>sitive signal respectively, 

1,2,1,2, Inverters 

An invcr~cr is ~. tube whose grid is normally ,,t a. positive potential so 

that the tube is conducting. When a. negative signal, applied to the grid, drives 

the tube to cut off., the out!]ut ta)«m off the plate, is a. positive signo.l. A 

positive signal is necessary to operate a gate tube a.s will be described in 

Section 1,2,l,J. 

l,2,l.J. Gate tubes 

A gate tube is e. multiple grid tube with two inputs and an output nor­

mally taken off the plate, A gate tube emits a negative signal when both of its 

input grids are brought from o. negative cut off voltage to a positive voltage, 

Thus, a gate tube is used to note the coincidence of two positive signals and 

hence corresponds to the logical "and". 

A positive signe.l applied to one grid of a. gate tube is said to "open 

the gate", since when this happens a. positive signal reaching the other grid 

makes the tube conduct and hence emit a signal, The term 11 gate 11 is used in two 

senses: In one it means a gate tube (a.s described above) and in the other, the 

signal, lasting 10 ps or longer, which is used to open a gate tube (see Section 

1.1.2,). 

1,2,2, Multi-Tube Elements 

1,2,2;1, Flip-Flops 

The basie electronic memory device of the ENIAC is the flip-flop, A 

flip-flop consists essentially of a pair of triodes so connected that a.t any 
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given time only one of the pnir ca.n be conducting, When a certrln one of the 

tubes is conduct.i;,g ( a11d Lh<l o':.hor is not), the flip-flop is sait', to be in the 

normal state; when t!1c :)t\1\l:r tube is conducting {and the first. is not), the flip-

• flop is in the ab.>Jc-oc•,;J.:ll state. J;. flip-flop has two inputs and two outputs, A 

pulse received on cno input (the set input), throws the flip-flop into the abnormal 

state in which state it ~~rn:~ns until restored to the normal state by a pulse re-

ccived at its second {or reset) input, ~Then the flip-flop is in the normal state, 

one output is positive and the other negative, In the abnorm£1 state, the polarity 

of its outputs is reversed. 

Corresponding to each flip-flop in the EN!hC, there is a neon lamp. The 

neon lamp is so connected to its corresponding flip-flop that, with the exception 

of some neons in the divider and square rooter, tho neon is lit when the flip-

• flop is in the abnonnal state. Drawing PX-10-302 indicates when the noons in the 

divider and square rooter are lit, 

These noons provide one :Jf the most important visual checks on the 

operation of the ENIAC, In addition to the continuous mode of operation at the 

100 kc rate, the ENIAC has 2 special modes of operation, 1 addition time and 1 

pulse time operation, which permit the opera.tor without disturbing the flip-flop 

memory, to stop the ENIAC at some point to e~ine the neons and, thus, to 

dote~ne whether or not the proper sequence of events is taking place, 

1,2.2,2, Counters 

• The counters ~f the ENIAC, in general, consist of a number of flip-
arranged in sequence and 

flopsAinterconnected so that the following characteristics result: 

1) At any ::;iven time, only one flip-flop cr,n be in the abnormal state 

and all others must be in the normal state, •• 
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2) The reception of a pulse at the input to the counter causes the 

flip-flop which is in the abnormal state to be reset and causes 

its successor to be set, 

3) The counter can be cleared so that a specific stage comes up in 

the abnormal state and all others in the normal state, 

Each flip-flop of a counter is called a stage and the reception of a 

pulse at a counter is said to advance the counter to the next stage, All counters 

in the ENIAC are ring counters, i,e,, the first and last stages are so connected 

that if the counter is in its last stage and a pulse is received, the last stage 

is reset and the first stage is flipped into the abnormal state, 

In accumulators, a 10 stage (decade) ring counter is used for each 

place of a 10 place number, Each stage of a decade counter corresponds to one 

• of the digits between 0 and 9 in.clusive, 

The sign of a number is handled by moans of a .ru. counter which differs. 

somewhat from the other ENIAC counters, The PM counter has 2 tubes, one for sign 

p and for sign M. Each tube, here, is called a stage, The two tubes are so con-

nected that only one of them can be conducting at a given time, Each pulse 

received cycles the PM counter 1 stage. Notice, that while the PM counter uses 

2 tubes as does a flip-flop, it differs from ll1l ordinary flip-flop in that it 

has but one input, The PM counter is also a ring counter. 

Since each stage of a counter {other than the PM counter) is a flip-: 

• flop, one or both of its outputs are avail~ble for controlling other circuits. 

r 1 t~w :l.ecade counte:os mentioned above, for example, one set of such outputs 

( ·{ i.;r. O.l·e :-efr:rr;,d to a8 t.he static outputs) can be used to deliver to the 

r··~:..r·'~cr- iPfor:nation <ib:JUt the number stored in a given accumulator, Ring 

• c,,,nt.ers are also used in the programming circuits of most ENii..C units, Here 

t;" ont!Juts of the variJus stages are taken to gatos, 
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1.2.2,3, Standard Transmitters 

To m:,e.; t:1·:· pc.r;e;~ needs resulting from the larg~ cilra<!:.tance associated 

witb the jntor"arm("ct:..on d:c·C'lits (digit trays, program trzys, d·Lgit cables, etc,) 

and the :1ir;h spee•i w~t;h whid~ pl'lses are transmitted in tho E!IIAC, and also to 

provide posi.ti ''' .~P.tp""t pul~<es ( sJ.nce positive pulses :u•c required to operate 

Fate tubes ir! t\J<J receiving l•n~ts), the pulse outputs of all units (except the 

digit pulse output of the high-speed multiplier and the divider and square rooter) 

arc passed through standard transmitters, h transmitter consists essentially of 

an inverter tube whose output is fed to the grids of 2 amplifying tubes which have 

their plates connected in parallel, The cathodes of the amplifier tubes are con• 

nected in parallel to ground through a resistor and the output of the transmitter 

is taken off between cathode and gruund, As previously mentioned, varying 

numbers of output transmitters can be connected to the same program line or digit 

trunk since a load resistor is not built into each transmitter but is instead 

plugged into the trunk line, 

The answer output circuits of the high-speed multiplier and of the 

divider and square rooter consist of inverter tubes with built-in load resistanee, 

Therefore, the answer output terminals on these units are connected direetly·to 

the appropriate digit input terminals through a cable without resistance load or 

through a digit tray with no load box plugged into it, No other units may be 

connected in parallel into such a digit tray, 

1,2,2,4, Receivers and Transceivers 

Receivers and transceivers are used in the EN!hC to note the reception 

of a program pulse and to o.ctivate the programming circuits when a program pulse 

is received, As mentioned earlier, receivers are found in non-repeat program con­

trols and transceivers in repeat program controls, In the divider and square rooter 
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and in the high speed multiplier, however, there aro a few examples of receivers 

which are not parts of program controls. Also, th~ reader, printer, and initiating 

pulse program controls are exceptional repeat program controls in that they do 

not contain transceivers, 

To describe and illustrate the use of receivers and transceivers we 

shall refer to the program controls of an accumul~tor in which these devices are 

used in typical fashion (see drawing PX-5-304). 

The receiver consists of an input buffer (66), a flip-flop {64, 65), 

an inverter (the left hand tube numbered 62), a cathode follower (63), a buffer 

(62), and a reset gate (61), hn input pulse received at the program pulse input 

terminal associated with a receiver, passes through buffer 66 and sets the flip­

flop of the receiver, The normally positive output of the flip-flop passes through 

• the inverter and cathode follower and then through a pro11pm switch which routes 

it to a set of gates, Similarly, the normally negative outp11t of the flip-flop, 

• 
• 

through buffer 62, is routed through program switches to another set of gates. 

Notice that before the reception of a program pulse, the outputs of the receiver 

are such that the gates remain closed; when the receiver is set, its output signals 

open the gates to which they are delivered and cause the unit to carry out the 

routine specified on the associated program switches, The CPP, w~ch occurs 20 

pulse times after the program input pulse which sets th~ receiver, passes through 

gate 61 (held open by the normally negative output of the flip-flop through buffer 

62) and resets the receiver, Thus, a receiver is always reset one addition time 

after it has been set, Notice that the s~ receiver must not ba stimulate• on 

successive addition times since one addition time after a receiver is set it 

attempts to reset itself, 

A transceiver, like a receiver, has an input buffer (69), a flip-flop 
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(66, 67) 1 an inverter (65), cathode follower (64), end a reset gate (68). The 

transceiver, however, has several additionril buffers (61), and (63), an extra 

gate (62) and in~rter (65) and a standard transmitter (70, 71, 72). The trans-

• ceiver elements which resemble receiver elements function in preeisely the same 

f~shion. The resetting of a trRnscciver, however, differs from that of a re-

ceiver, Transceivers usually oper[,te in conjunction with a program ring counter 

or, as in the accumule.tor case, with a repeater ring counter, In the illustrative 

exomple being discussed hero, one output of th~ tr~nsceiver is taken to gate K50. 

When the: transcdver is set, gate H5 0 is open so that a CPP is allowed to pass 

through and cycle the repeater ring (64-72) each addition time that the trans-

ceiver remains in the abnonnal state, Each r.>oint on the repeat switch (used to 

specify the number of times in succession that an operation is to be repeated) 

• of an accumulator repeat program control is connected to one stage of this ring. 

When the repeater ring reaches the stage specified on the repeat switch, gate 62 

receives a positive signal from that stage of tne ring, The coincidence of a 

signal from the repeater ring and from the nonne.lly nego.tivc output of the flip-

flop causes gate 62 to emit a signal which is inverted into a positive signal by 

inverter 65. The output of tube 65, through tha buffers 63, goes on to stimulate 

certain clearing actions in the accumulator, and delivered to gate 68, allows the 

next CPP to pass through this gate, The output of gate 68 not only resets the 

transceiver but also passes through the standard transmitter (70, 71, 72) to be 

• emitted from the program pulse output tenninal of the program control. Notice 

that a transceiver remains set throughout the number of addition times required 

to complete the program specified on its associated switches, is reset at the Gnd 

of the addition time in which the program is coopleted and emits a program output 

• pulse when it is reset, ... t least one addition time should intervene between the 
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transmission of a program output pulse and the next stiuulnti"n of a repent 

program control in order to allow the control's transceiver to reset itself, 

1,2,2,5, Plug-In Units 

• Wherever possible the design of elements of the END;.C h<'s been atM-

dardized and these elements have bo;:en used repeatedly in various units, Further­

more, to increase the case ·~i' testing and replacing faulty components, many of 

these standardized eloconts have been designed as plug-in units, 

The receivers and transceivers are of tr~s nature, Each receiver 

plug-in unit has two receivers. h transceiver plug-in unit has just one trans­

ceiver, l.nothor type of plug-in unit is the accumule.tor d(<Cade plug-in unit 

which consists of a decade rine counter, a pulse st.andardizer for shaping pulse 

input to the decade, carry over circuits, output tranfffirlttcrs, etc, In all, 

~ there are a total of 20 different types of plug-in units, Th~se are enumerated on 

PX-2-123 where references 0.re also n~de to detailed dr£,wings of the plug-in units, 

1,3, CLi.SSIFICi,TION OF ENii.C CIRCUITS: I<umeric~l '-.nd Progranr.rlng 

The circuits of r.10st ElJii,C units ce.n be conv.,niently described i>.ccord­

ing to 2 classifications, n\ll!lcrical u.nd pr->granr.rlng, The nur..ccrical circuits are 

those which operattJ on the pulses or stFctic signals V>hich repres<Jnt digits or 

sign, For exa:npl<:, in e.n 'l.CCUI!lulator the dectcde and PM counters or in the printer 

th" tubes which ar:, set up by the stf.tic outputs of counters wh;>se inform::,tion is 

• to be punchud on a card arc cle.ssifiod as nuraericc.l circuits, The prograrmng 

circuits are concerned with tho following activities: 

1) Recognizing whon [•lld how a unit is to function, 

2) Stir:tulcting the nuz'lerical circuits t'J operate £,ppropria.tely, 

• 3) Er.utting ~ program output pulse to signify complotion of a program, 
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In the case or certain units a further subdivision or the programming classifi-

cation into program controls (see S~ction 1,1,4.) and common programming circuits 

is desirable, The program controls, then, are charged with activities 1 and 3 

4lt above and tho common programming circuits with activity 2, 

1,3,1, Program Controls 

The accuoulat0r, high speed multiplier, divider and square rooter, and 

function table have multiple sets or program controls, These program controls 

include not only a receiver or transceiver, program pulse input terminal and 

possibly program pulse output terminal but also program switches for describing 

the procedure to be followed when the program control is stimulated, In each of 

these units, any one or the program controls, when stimulated by the reception or 

a program input pulse, can activate the common programming circuits. The buffers 

4lt and cathode followers in the receivers and tr~nsceivers or these program controls 

serve to isolate one program control from the others, In the constant transmitter, 

which has a total or 30 program controls each consisting or a transceiver, program 

pulse input and output terminals, and a program switch, each group or six program 

controls operates a set or programming circuits in common, In the remaining ENIAC 

units the program controls and programming circuits are closely integrated with 

one another, 

If a unit has more than one program control, in general, only one 

control should be operating at an7 given time so that inconsistent demands are 

4lt not made on the common progr~~ng circuits or the numerical circuits of the unit, 

1,3,2, Common Programming Circuits 

In the previous section it was pointed out that the stimulation or a 

program control or a unit results in activating the unit's common programming 

~ circuits, It should be pointed out that in a few cases the common programming 
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circuits of a unit can be entered without going through a program control, 

For example, several accUI!Iule.tors are used in c:>njunction with the high speed 

r.mltiplier, These accunulators receive CClmp:ments of the product as they are 

cnitted from the multiplier, Ordinarily, to stimulat~ reception of a number, 

a pr:.>gram input pulse must be delivered to an ~,ccumulator program control having 

its program switch set to a receive setting, Then, thtJ output of the receiver 

or transceiver C)f the progr= c'.mtrol activates the programming circuits so that 

reception takes place, The multiplier, howuver, has been designed so that it 

contains receivers which are set when the associated product accur.1ulaturs should 

receive components of the product. ThesG receivers in the multiplier are directly 

connected to the common programming circuits of the associated accumulators so 

that reception is stimul(l.ted when the multiplier•s receivers are set even though 

no program controls on the accwnulators are st:iJnulated, Several ouch ex<>mples 

of direct entry into the common programming circuits of accumulators are to be 

found in the chapters dealing with the high speed multipler and the divider and 

square rooter, 

In this portion of the Technical Menual for the ENIAC, Part I, much 

emphasis will be given to the planning of comput?.tions to be perfonned, 

1,4,1. Preparatory Formulation of the Problem 

Starting with the mathematical equations which describe a problem, 

such as the tota~ or partial differential equations for examplu, the operator 

must first break the equations down into a form involving the arithmetic operations 

of which the ENIAC is capable, Another necessary proliminary step consists of 

~ planning for the stor~ge of numerical data, The initie~ conditions and other 
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constants basic to the computation will bo given to tt,e ENIAC by means of punched 

cards and the setting of switches on the constant transmitter, Arbitrary functions 

and other constants can be stored in the function tables. Numbers formed in the 

• course of a computation and required in subsequent parts of a computation can be 

stored in accumulators, Should the qu2ntity of numbers to be stored for further 

computation exceed the accumulator storage capacity, such numbers can be punched 

on cards by the printer unit and later can be inserted into the ENihC again by 

means of the card reader and constant transmitter, 

1,4,2. Planning the Programs and Progr~ Sequences 

For each arithmetic operation in the computation, one or more of the 

ENIAC• s program controls will ha.ve to be set-up by the connection of program 

cables and possibly the setting of program switches, For example, if the numbers 

• a and b are each stored in an accumulator and if a+b is to be formed in the 

accumulator containing b, then the accumulator.which stores a,must be instructed 

to transmit and the one storing ~must be instructed to receive the transmitted 

number, 

The instructions given to a single program control are referred to as 

a program. It is possible for a number of progr~s to be carried out in different 

units simultaneously, In general, however, only one program at a time can be 

perforQed in a given unit, 

A unit carries out the progr~ set up on one of its program controls 

• when a pulse is delivered to the progr~ control's program pulse input terminal, 

i.e., when th9 progr~ control is stimulated, If a number of programs are to be 

performed in parallel, all of the program controls involved must be stir~ulsted 

either by a pulse carried on the same progrmn line or by pulses from different 

• progrrilll lines which are activated at th" same time, 
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The operator tj.es individual programs together into a program seguence 

in which one collection of programs is automatically stimulated upon the comple-

tion of another collecti•Jn of programs by delivering the program output pulse of 

• the program control used for a program of the first collection to a given program 

line and by picking up the stimulating pulse for all progrr~s of the second 

collection from that same progr~ line (see Section 1.1.4.) 

•• 

1.4.3. Progr~~ng on Higher Levels 

Certain program sequences of a computation mz.y have to be iterated a 

number of times. The iteration of a program sequence into a program chain is 

accomplished through the use of tho master progr&!l!'"..er. This unit can also link 

together a number of chcl.ins or chains and sequo.;nces into a new program sequence 

which itself is to be it.::rated into a cha.in, ate • 

The master progra.rJmer has a number of program controls each of which 

has a single input for program pulses and multiple program pulse output terminals. 

Each time a program input pulse is received, a pulse is emitted from one of the 

output terminals. The circuits of each control cause a pulse to be emitted from 

a given tenninal a certain number of times which may be specified by the setting 

of a switch or in some other way and then to be emitted from onother output ter-

ruinal. Thus, the iteration of a program sequence into ~. chain can be accomplished 
• 

by delivering the final program pulse of the sequence to a master prograrmner 

control and by picking up the initial pulse for the sequence from the program 

• line to which the appropriate master programmer output terminal is connected. 

Another s~quence or chain is linked to the first chain by picking up its initial 

pulse fr'llll the program line to which a seccmd output terminal 0f the l!IC\Ster 

programmer is connected, etc • 

• 
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Special Linking of Pr~gram Segucnces by Magnitude Discrimination 

Not only can programs be linked together sequentially as described 

above in Sections 1,4,2, and 1,4,3 but, in addition, the ENIAC can be instructed 

to choose one of several program sequences depending on the magnitude of some 

number, This type of progra.rnming is referred to as magnitude discrimination, 

In one fcn·m of magnitude discrimination, two numbers, a and b, are 

compared, If a.9b 1 one program sequence is followed and in the opposite case, 

a second program sequence is stimulated, It is also possible to carry out more 

extensive magnitude discrimination programs in which the choice of program de­

pends on a particular digit in some decimal place of n number, 

Magnitude discrimination is accomplished. by means of an accumulator 

and the 1113.ster programner, In such progrn.-ns which will be Ci11cussed in greater 

detail in chapters IV and X, sign or digit pulses are used to stimulate program 

controls, 

1,5, EQUIPMENT ASSOCIATED WITH THE ENIAC 

In addition to the 40 panels, the portable function tables, th~ card 

reader and Cl>rd punch which constitute the ENIAC proper 1 the El:IAC has certain 

associated ventilating, power, ~nd testing equipment, 

1.5.1, Ventilating Equipment 

The ENIAC's 18,000 vacuum tubes generate a considerable amount of heat, 

An elaborute system of fans and blowers is used to drive off this heat, Each 

panel~ moreover, has a thermostat which prevents the temperature inside the 

panel from exceeding 115°F by turning off the power to the ENI!t.C if this limit 

is exceeded, The ventilating system uses 240 ·v, three phase unregulated power • 
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1,5.2, Power Equipment 

In addition to the a-c power for the heaters of its tubes and for the 

oard reader and card_ punch, the ENikC requires 78 different d-e voltages, These 

requirements are met in the following way: 

Two hundred forty volt, three phase, regulated a-c is taken to power 

and auto-transformers which convert it into 110 V • 3 phase a-c, This power is 

carried on 3 buses in a power trough located along the front and bottom of the 

ENIAC panels, From this trough, the heaters and also the outlets below constant 

transmitter panel 3 and printer panel 2 are supplied with a-c power as long as the 

ENIAC' s a-c power is turned on, The outlets below the other ENIAC panels are 

always alive, 

The 240 V, 3 phase, regulated a-cis also taken to gas rectifier tubes 

~ in the ENIAC 1 s 29 power supplies, The filaments of these tubes use 240 V, 3 

phase, a-c, Through the use of bleeders the 78 d-e voltages are obtained, These 

voltages are carried to the ENIAC units by m~ans of the d-e cables in the power 

trough mentioned above, 

The power equipment is housed in 7 panels apart fran the ENIAC and 

electrolytic condensers for filtering the d-e from the rectifier circuits are 

located in three condenser cabinets, 

Only the control circuits for the power supplies are discussed at 

any length in this report (see Chapter II), The ENI.I>C MAINTENit.NCE W..NUAL can be 

~ consulted for further details, 

1,5,3, Special Test Eguiement 

~ number of special testing devices are usod with the EN!AC, These 

include a tube tester, a hi-pot test unit, a static tester, and a test table 

• with its own power supplies, synchronizing unit, variable oscillator, and 

oscilloscope, 
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The test table and its ass0cinted equipment are used to examine the 

20 different types of plug-in units, Tho synchronizing unit, variable oscillator, 

and a device for varying d-e voltages make it possible to reproduce the operating 

conditions found in the ENit.C or to generate certain test conditions, The equip­

ment associated with the test table is portu.ble so that it can also be used for 

testing the ENI.<C proper, 

The static tester is essentially an a.daptor which plugs into the d-e 

cables so as to make possible measurements vf the voltages on tube pins, The 

hi-pot test unit is used to detect insulation faults in cables, The standard 

tube tests can be made on the types of tubes used in tho ENIAC by means of the 

tube tester, 

In addition to the ab•)Vc special testing devices, the standard electri­

cal measuring instruments are used for the ENI.:.C, Certdn meters have also been 

built into the initiating unit (see Chapter II) and the cycling unit includes an 

oscilloscope for rather rough examination of the fundamental train of signals, 
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II, INITI~TING UNIT 

The initiating unit af the &IliAC ill th<; devic6 which contains controls 

f0r turninp, the power on and off, f:)r ini ti~.ting a cor..putution1 for initial 

clearinro, and for selective clearin;s a e:roup of accumulators, as well as program 

contr:Jls for the reader and printer. Ccrta.in devices for testinr, the EN!i,c are 

alsa located ::>n the initiding unit, 

The following topics are discussed in this chapter: Section 2,1, 

starting and stopping the EN!i.C power and inithl clearing; Section 2,2, reader 

and printer prop,ram controls on the initiating unit; Section 2,3, initiating a 

conputation; Section 2,4, selective cluar proa,ran c'mtrols; and Section 2,5, 

testing features, The followin.~ drav.ings ere referred to in this section: 

Initiating Unit - Front View PX-9-305 

Initiating Unit - Front Panel 

Cyclin" Unit c.nd Initiating Unit 

Block Diar,ram 

Power System Block Di~grrun 

h-0 Power Distribution Rack 

2,1, ST/.RTING, STOPPING AND INITL>L CIDJUNG 

P'A-9-302 

PX-9-307 

PX-1-303 

PX-1-304 

Nearly all the che.rllcteristic functicns of the ENIAC depend on d-e 

power, This, however, is derived from 240 volt, 3 phase, a-c, The latter has 

some immediate uses in addition to furnishing the d-e, There are in all five 

principal uses for the a-c power, These are as follows: 

1) for the heaters of the numerous tubes of the ENii,C units, 

2) for the heaters of the rectifier tubes in the ENI!..C's power 

supplies which convert a-c into the different d-e voltages, 
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3) for the plates of the rectifier tubes. 

4) for the fans which dispel the great amount of heat generated 

by the preceding 

5) "for the control circuits needed in starting and stopping the 

ENIAC power, in furnishing protection to various circuits, and 

in initial clearing, 

The first four items referred to above are identified by the corres­

ponding numbers on PX-1-303. The last item is noted there as control circuits 

and is more explicitly dealt with on PX-9-307, The control circuits govern the 

connection of the other items to the a-c lines, cause d-e to be supplied to the 

units of the ENIAC, and control the initial clearing of these units. 

Program controls for these circuits are found on the initiating unit. 

Other auxiliary program controls o.nd. clements of the control circuits are found 

on the power distribution rack, the condenser c~.binets, and the units of the 

ENihC themselves, In this section we shall discuss the events involved in 

starting and stopping the ENIAC (Section 2.1.1.) and in initit{l clearing (~ection 

2,1.2.) 

2.1.1. Starting and Stopping the ENihC 

In this discussion it is assumed that the main a-c safety switch is 

elosed, By a 11safety switch" is meant one whose opening not merely cuts off 

power, but actually opens all lines of the circuit controlled by the switch, 

We also assume here that the 2 safety switches for the ~N~C heaters and those 

for the fans and for the heaters and plates of the power suppli~s aro all on, 

With the last 2 switcl':es off, only the a-c circuits can operate; with any of 

the others off, n'.lither a-c nor d-e can, 

\lhen tho start button on the initiating unit (see PX-9-302) is 
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• depressed, the amber pilot light goes on immediately and the following sequence 

of events takes place: the EN~C heaters and the power supply heaters are 

connected to the a-c and the ventilating system is turned on. One minute later, 

~ after the heaters have had an opportunity to warm up, the plates of the ~ower 
supply tubes are connected to the a-c. Simultaneously, initial clearing, which 

lasts for 10 seconds, begins. After the ENI~C has been initially cleared, the 

green pilot light on the initiating unit goes on and the ENI~C is ready to 

operate, 

The heaters clock on the front of the initiating unit, which keeps 

count of the-number of hours that the power supply heaters are on, starts to 

record as soon as the start button is pushed, On each of the remaining 39 panels 

of the ENii.C, there is also a heaters clock and an on-off switch for the heaters. 

~ \Vhen the a-c is turned on, the heaters in a panel go on only if the switch for 

that p!lllel is in the "on" position, The associated heaters clock records the 

number of hours that the heaters of the panel are turned on, 

Before a more detailed discussion of the starting sequence is given, 

the elements involved in various phases of starting will be pointed out on the 

schematic diagram of the a-c control circuits shown on PX-9-307. The elem6nts 

enclosed within the heavy lines are not in the initiating unit, The 28 under­

voltage release relays and their 14 associated pick-up relays {designated byM) 

are located in the condenser cabinets. In the Moore School installation the 

~ power supply heater fuse relays and the d-e fuse relays are in a cabinet beside 

• 
the d-e fuse cabinet and relays A, B, and, K are located in the machinery laboratory, 

The r~maining items, except for the door switches and thermostats which are in 

the ENIAC panels, are on the power distribution rack in the ENIAC room (see 
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Relays A and B connect the heaters of the ENihC units to the 3 phase 

a-c power, Relay D is the power supply heaters contactor, F, an adjustable 

timer which has been set for l minute, provides for the delay between the turning 

• on of the power supply heaters and plates, When timor F has counted the spClcified 

period of time, relay G is activated, This relay connects the plates of the 

• 

power supplies to the a-c so that the d-e is turned on when rel~ G is activated, 

Timer J which has been set for 10· seconds and rele.y H, the main ~nitial clear 

relay, are activatCJd after the d-e is turned on, Relays 3 and 4, auxiliary 

initial clear relays, are each responsible for the emission of one of the 

signals involved in initial clearing (see Section 2,1,2.), Ten seconds after 

timer J starts to count, relay K is activated f~d the initial clear period is 

terminated, thus bringing the starting sequence to an end, 

It can be seen on PX-9-307 that in addition to the start and stop 

buttons on the initiating unit which operate both the a-c and d-e circuits, 

separate d-e start .and stop buttons have been provided, Through the use of the 

d-e stop button, only the d-e circuits (controlled by relay G), can be turned off, 

leaving the a.-c circuits unaffect~d. With the a-c power on, pushing the d-e start 

button connects in the d-e circuits and causes initial clearing to take place, 

Isolation of the d-e from the a-c circuits has been provided in order to make 

possible leaving the heaters turned on even when the ~~~C is not to be operated 

or when there is a failure (see the discussion of protective c~rcuits below) in 

• the d-e circuits. This has been done because it is hoped that, by cutting down 

the number of times that the heaters are turned on and off, tube life will be 

le11gthencd, 

It is to be noted that the operation selector switch on the cycling 

... unit must be set at continuous when the power is turned on, In Section 2.1.2. 
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where initial clearing is discussed, it is pointed out that when the power is 

first turned on, a number of flip-flopsmaycome up in the abnormal state and 

it is also r~ked that the resetting of these often depends on the pulses 

• and gates emitted by the cycling unit. These pulses are not given out inmediately 

unless the ENiiC is in continuous operation. The dang~r of having these flip-

flops remain in the abnormal state is that, as a result, a number of tubes that 

should be off most of the time and on only a short period of time (i.e. tubes 

in circuits that have been designed for a low dUty cycle) remain on for a long 

time and thus cause damage to themselves and other elements, 

Certain protective devices included in the control circuits are also 

shown on PX-9-307. Of these the most important are relays C, Q, N, and L. The 

action of these will be discussed in the following par~.graphs, Their distinguish-

• ing characteristics are as follows: under proper operating conditions C and N 

are on; L and Q are off, C m;;.y be turned off by a thermostat or a door switch, 

Since it is believed undesirable to turn off the heaters unless it is absolutely 

necessary. C acts through a timer P which may be set between 5 and 15 minutes. 

Ylhen this time has elapsed and the trouble has not been remedied; both a-c and 

d-e circuits are turned off. The other three relays act without any delay but 

affect only the d-e, Relay Q is turned on by the blowing of any heater fuse, 

This cuts off the d-e power supply including its hea.ters. Relay N is turned 

off by phase in the plate supply or under-voltage in the output of a d-e power 

• supply. The effect is to turn on L, This is also accomplished by the d-e stop 

button or the failure of a d-e fuse, Ylben L is turned on or when there is any 

p'~::tSP. fl'.ilure in tho heaters 1 the plate supply to the rectifiers is cut off 1 but 

':.!'e heaters 'lre !.eft on. The distinction between N .and L is that there is a 

• provision for inhibiting the action of N during starting. These actions will 
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now be discussed in more detail, 

Relay C is a master relay which controls both a-c and d-e circuits. 

This rel~y, which is activated when the a-c safety switch is closed, operates 

in conjunction with the door switches (see below), thermostats, ~d timer P, 

Found at the bac~ of each EN~C panel and at tho front of tho power supply and 

condenser cabinets, is a door switch, When the cover of a panel or cabinet is 

* removed, the door switch on the panel opens, causing relay C to be deactivated, 

If, however, the door switch shunt button on the initiating unit (see PX-9-302) 

is held down while the cover is off, relay Cis not deactivated, Relay Cis 

also deactivated when a thermostat opens as a result of the overheating of a 

unit, When relay C is n.)t activated contact c
1 

closes and timer P which is set 

for 5 minutes starts to opGrate, First its clutch (CL) is thrown in, and next 

the motor (M) is connected into the circuit through contact CL1 • A warning lamp 

above the power distribution rack (see PX-1-304) also lights, Necessary repairs 

can be made on the machine during this 5 minute period, (which may be adjusted 

to as much as 15 minutes if more repair time is required). If, at the end of 

5 (or 15) minutes, the condition which caused relay C t.o be deactivated has 

not been corrected, then contact P opens and relay ~ is deactivated, This 
1 

turns off both the a-c and d-e circuits, The start button on the initiating 

unit is used to turn the power on again after thG fault has been corrected. 

1'he door switches have been provided as a safety neasure for both 

personnel m1d the machine since the opening of a pane~ exposes dangerous voltages 

l~.,.t the present time, there is a permanent shunt f~r th.; door switches so that 
:·<>noving n. cover doc's not cause relay C to be deactivated. The description in 
~he te':t ::.bove Lpplies t:> the intended nethod of opcr(ltion of the door switches. 

ll.t:~i hot'J the emb<>r and green pilot lights arc off, the start button on the 
.:.JCitiatint; unit must be used, If only tho green pilot light is off, the power 
LW-.;r be tm·necl on through the use of the d-e st!U't button, 
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• (as much as 1500 volts in the case of tho d-e) and also, by drawing air from 

the ventilating system to the open panel, may cause another unit to overheat. 

Relay Q protects th~ d-e circuits and the power supplies. When Q 

• is activated, cont;~.ct Q1 opens so that relay D is de-energized. This turns off 

the power supply heaters and causes contact n
1 

to open. With contact n1 open, 

F is de-energizedso that contact F1 opens and relay G, the d-e contactor is 

deactivated. Relay Q is activated when a contact on one of the power supply 

heater fuse relays closes. This latter event takes ple.ce if a p"wer supply 

heater fuse blows. If the d-e is turned off because Q has been activated, the 

d-e start button on the power distribution rack must be used to turn the power 

on again. 

The remaining protective devices shown on PX-9-307, relays L and N 

• with their associated devices, control only the d-e circuits, leaving all heaters 

• 
• 

turned on in case ~f a failure. If one of these circuits detects a failure and 

turns the machine off, the power can be turned on again through the use of the 

d-e start button. The main and power supply heat~r phase failure relays connected 

in series with tiz:ler F detect faults in the three phase which goes to the heaters 

of the ENIAC and of the power supplies. These phase failure relays arc activated 

so that the contacts shown on PX-9-307 are closed under proper operating conditions. 

In the event of a phase failure, F is de-gized so_ that contact F 1 opens and 

relay G drops aut. As soon as the fault is repaired, timer F is again activated 

and, one minute later, contact F
1 

closes. 

Relay L is the d-e cut-off relay. V~en this relay is activated, 

contact ~ opens sa that relay G is de .. cnergized. This results in cutting off 

the d-e power. With the a-c on (so that contact a4·is closed), relay L can be 

picked up through the closing of the d-e atop button, the activation of the d-e 
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• fuse relaya when a d-e fuse blows, or the non~activation of relay N (see the 

discussion of relay N in the next paragraph), 

Relay N operates in conjunction with the power supply phase failure 

• relays and the under-voltage release relays, The power supply phase failure 

relays in this circuit detect faults in the three phase a-c which goes to the 

plates of the power supply tubes, These relays are activated and their contacts 

closed under proper operating conditions, There is an under-voltage release 

relay for each power supply, During the starting sequence while initial clearing 

takes place, relays M are activated, These relays provide the high voltage re­

quired to pick up the under-voltage releas8 relays, After the starting sequence 

is completed, the under-volta.ge reloaso relays relll!'.in activated and their contacts 

are closed unless the voltage emitted by a d-e power supply drops below a spec~ 

• fied level, During the initial clear period while the under-voltage release 

relays are being picked up, contact K
2 

of rel~y K provides a circuit which shunts 

• 
• 

* the under-voltage release relays and the power supplies phase failure relays, 

Thus, relay N is activated and contact N
1 

is open at all times unless a fault 

is selected, 

The starting sequence which tDkes place when the start button in the 

initiating unit is pushed is described chronologically in Table 2-l, In some 

cases, a contact is classified as both a pick up and hold contact for a circuit, 

since the contact must close for the circuit to operate and since the circuit 

continues to operato only so long as the contact rem2ins closed, In other cases, 

the pick up and holding functions are performed by separate contacts. 

Vfhen the stop button on the initiating unit is pushed, the ENIAC is 

*Timer J should not be set for less than 10 seconds since this delay is required 
when turning the d-e on to permit the under-voltage release relays to pick up 
before the shunt across them is removed, 
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• Ti•BLE 2-1 

CHRONOLOGICAL DESCRIPTION OF STARTING SEQUENCE 

• Activated Relay or Pick Up Contact Hold contacts 
Circuit Element (contact whose closing (Contacts which must re-

causes circuit to cJpcratc) main closed for circuit 
to continue to operate~~ . 

A-auxiliary start relay Start switch - closed when Stop switch - normally 
start button is pushed closed 

P - closed unless timer P 
1 has been activatec for 

5 minutes .lf 
B1 - closes immediately 

after J.. is activatect._ 
B-ma.in start relay and \ Al 

ENIAC heaters contact-
or, Bl 

E-fans contactor A3 "3 

• D-power suppl T heaters El El 
contact or Q1 - closed unless Q is 

activated.* 

Amber start pilot and A4 11.4 
power supply heaters. 
clock. 
F-one minute timer Dl Dl 

Main and power supply 
heaters phase failure 
relays - closed unless a 
fault is detected. 

G F1 - closes after F has F 
counted out 1 minute Li - closed unless L is 

activated.* 
H-Main initial clear ' ~ Gl 

relay 

• J-10 sec, timer 
M-under voltage release K4 - closed until K is 

pick-up relays activated. 
K-relay which termin- J1 - closes after timer Kl 

ates initial clear has counted 10 G 
period. seconds, Iilltial clear switch -

remains closed unless I.C. 
button is pushed. 

• Green ready pilot K3 K3 
. . . *See discuss~on of protective deV1ces included ~n Section 2,1.1, 
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completely turned off, Relay A, then B, E, D, G, H, and K are de-energized, 

When only the a-c circuits ~e on, ~n~ the d-e start button is pushed, 

the following events take pbce: Role.y L is r:eactivatcc, anr: through cont:?.ct F
1 

• (closed pr·widoC. the.t the a-c is on ~.nr' ther.o is no ,Jh<,se failuro3 in the powor 

for the ENIJ,c and pe>wer suprly hoaters) anr~ 1
1 

(close( when L is deactivated), 

rchy G is picked up, This turns thl' d-e on anr' then initiul clearing follows 

as indic~ted on Table 2-1, 

Vlhan the c'-c stop button is pushec', rel·"-Y L is activated, Since 

contact 11 then opens, relay G drops out and the d-e is ~isconnected, Contact 

G1 also opens, C'-\Using relay K to drop out, 

With regard to the matter of interrupting a computation, it might be 

pointed out that it is not necessary to push the stop button on the initiating 

• unit or the d-e stop button for this purpose, Even though the power is turned on, 

a computation can be stopped in a number of different ways. If a program cable 

which delivers a progr~m output pulse to a program tray is removed, the computa-

tion in progress ceases with the program whose program output pulse is eliminated 

in this W·'l.Y. If the card reader exhausts the cards in its magnzine (see Section 

8,3,) the compute.tion is terntinOJ.ted with tho program just before.the one in 

which reading would take place, A canputation co~ses, similarly, when tho cards 

in the me.gazine of the card punch are exhausted (see Section 9 ,1,). 

2,1,2, Initial Clea.ring 

• When tho ENIAC is turned on, it is a matter of chance as to which 

flip-flops in the various counters, both numerical and program ring, or which 

program flip-flops (in receivers, transceivers and common programming circuits) 

will come up in the abnonnal state, It is obvious th<·t <• computation must start 

• with the numerical and program rings in the clear position and with program 
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flip-flops in the normal state in order that the correct answer may be obtained. 

Furthermore, if a flip-flop in a transceiver or a program control flip-flop such 

as the printer start flip-flop (see Section 9.1.) comes up in the abnormal state, 

• not only is the associated program canmenced, but e.lso, upon the completion of 

tho program, an output pulse is transmitted which, in turn, may stimulate another 

program control, etc. Thus, it is also necessary before starting a computation 

to break program chains or sequences which are accidentally begun when the ENIAC 

is turned on. Furthermore, it is convenient to be able to stop a computation at 

a certain point (without turning tho ENIAC power off), erase all data stored in 

accumulators and the master programmer, P.nd then start afresh. 

The initi~ clear circuits in the ENIAC provide for tho contingencies 

mentioned above. The initial clear circuits consist of the initial clear push 

• button on the initiating unit, relays H and K which were referred to in Section 

2.1.1. and initial clear relays 3 and 4 (see PX-9-307). When the ENIAC's power 

is turned on, initial clearing takes place e.utomatically immediately after the 

d-e goes on (see Section 2.1.1.). The initial clear push button is pushed when, 

with the power already on, it is desired to clear the accumulators and the 

master programmer. It is to be noted, that the operation selector switch on 

the cycling unit must be set at continuous for initial clearing to take place. 

Relay H is the main initial clear relay. When activated, this relay causes 

initial clearing to take place. Relay K terminates the initial clear period. 

• Initial clear relay 4 is responsible for emitting the initial clear gate (ICG) 

which, in general, clears the counters used for either numerical or programming 

purposes, Initial clear relay 3 causes the master programmer clear gate (MPC) 

to be emitted, The MPC is used 11\ the master programmer to break program sequences 

4i' (see the discussion in the latter part of this section.) 
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When the start button on thCl initiating unit or the d-e start button 

is pushed, relay K is not activated so tr~t relay H and the ten second timer J 

are picked up through contacts G and. K • At the ~nd of 10 seconds, contact J1 1 4 
on the timer closes, Through J1, relay K is picked up. From then on, r~lay K 

holds through contact K1 and the initial clear switch w~~ch is normally closed, 

When the power h~·-S been on and tho initi1:\l clear button is pushed, 

relay K is da-ene~ed. so that K4 closes, Since G1 remains closed as long as 

the d-e is on, relay H and timer J are then picked up tpxough G1 and K4, 

When relay H 

Contact 3-1 then closes 

picks up, contact H closes, thus activating relay 3. 
1 

c~d the MPC is emitted., As a result of the activation 

of relay 3, contact 3-3, which is normally closed, opens, Now with 3-3 closed, 

there is a circuit which allows a small am?unt of current to flow through the 

coil of relay 4 but not enough to pick this r~lay up, ~nd very little passes 

through the large resistor to the condenser, While 3-3 is open, however, the 

condenser is charged, 

Ten seconds after relay H is activr;tod, K is activat•ld, Contact K4 

opens and H is, thus, doactivated, This causes contact H1 to open and relay 

3 to drop out, At this time, contact 3-3 closes, This allows the condenser to 

discharge through the coil of relay 4, In this way, relay 4 is activated and 

contact 4-1 is closed, With contact 4-1 closed, the initial clear gate is 

emitted, Initial clear relay 4 is restored to the normal state with contact 4rl 

again open in about 1/2 a second when the condenser has discharged, 

As can be seen fr')l", the discussion above, the 10 second. period (when 

the green light is off ~.nd when tiriler J is operating) designated by the phrase 

initial clear peri.:>d, is actually devoted to the master programmer clear signal. 

• The initial clear gate cones on after the MPC goes off and lr,sts for about 1/2 
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• a second, Both the MPC and ICG are carried to the other units of the ENIAC 

in the d-e voltage cable, 

At the time of writing of this report, the MPC is te.ken only to the 

~ master programmer's stepper output gates (see Section 10,3,1.). The MPC, a 

negative signal closes down these gates so that no progr~ output pulse can be 

emitted by the master progrwnmer while the MPC is on, Although a program 

sequence may be initiated because the flip-flop of some transceiver comes up 

in the abnormal state, it is impossible for a program sequence lasting 10 seconds 

(of continuous operation) not to go, at some time in th~.t period, to the master 

programmer, Since the master programmer, however, cannot transmit a program output 

pulse while the MPC is on, program sequences which ha.ve started accidentally are 

broken here, 

4lt The way in which the initial clear gate is used in the units of the 

Et:IAC to prepare them for computation is shown on Te.ble 2-2, The reader ><ill 

probably find it convenient to refer to this table in connection with Chapters 

IV-X, The circuit clements referred to in T~ble 2-2 c~n be identified on the 

block diagrnms for the various w1its, The reader will notice that in many cases 

clearing depends on the carry clear gate and the c.entr~.l progra.r.mrl.ng pulse emitted 

by the cycling unit, It is for this reason, that the cycling unit must be in 

continuous operation for initial clearing to be ~.ccomplished, 

On Table 2-2, twa difficulti"s inherent in the present method of 

~ initially clearing the divid<.Jr and square rooter are noted, One of these diffi­

culties, that the flip-flops in the transceivers may not be reset by the end of 

the initial clearing period, arises from the fact that in the divider and square 

rooter, as in the other units of the ENIAC, no special provision has been made 

• for directly resetting the transceivers, In other units of the ENIAC, this causes 
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no difficulty, For, suppose that a transcoivor in the high-speed multiplier 

comes up in the abnormal st~.tc~ when the power is turned on, The multiplier then 

proceeds, during the time that the MPC is on, to c~rry out tho program set-up 

on thG switchGs associated with that transceiver, In a maximum of l4 addition 

tirn.es the program is completed and the transcc:tv"r is reset, 

In the divid8r :J.nd squuro rooter, however, there is no upper limit 

on the length of time required for a division progr.::~m (division by zero, for 

example, requires an infinite lungth of ti1ne), Therefore, if a division program 

is started because a transceiver comes up in the abnormal state when the ENIAC 

is turned on or because r.n accidentally ber,'llll program sequence stirn.ul~.tos it, 

there is no certe.inty th>lt the progrc'.r.\ will be completed and the transceiver be 

reset by the end of the initial clc,ar period, 

Plans have been mo,de to rwise this initi~.l clearing difficulty by 

causing the clear flip-flop in the divider and squ~r~ rooter to be ~ during the 

initial clear period, Since the clear flip-flop in the abno~l state causes 

the CL rund CL' signals to be emitted, any flip-flops now reset by CL and CL1 

will also be roset by the modified method of initial clo~ring, The CL signal 

also resets the clear flip-flop, Thtl norm,Qly negative output of the clear 

flip-flop provides e reset sigm.l for th<> divider :1nd squa.ro r:>otor 1 s transceivers, 

Until tho ir.itial clearing process for th~ divider and square rooter 

is modified, the opor~te>r can circumvent this first difficulty by setting the 

opcrution switches on this unit at squ:;cr-<) root instead 'Jf divide and the inter­

lock switches at NI (no interlock). Since the m:ud.mum time for n squa.re rooting 

prograo is 400 addition times (less than a. tenth 0f a second), an accidentally 

begun square r';0ting progr"--n is certain to be co;uplcted by the end of the initial 

cle<.lr period. The reas:m for setting the interl·Jck switches on the program 
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• controls at NI is that, even though a progrnm were completed, a program output 

pulse would not be emitted and the transceivers would not be reset. unless the 

interlock flip-flop also came up in the abnormal state or unless some program 

~ sequence, accidentally started, provided for ~n interlock pulse, 

The second difficulty, that no provision has been made for resetting 

the interlock coincidence flip-flop, is also to be remedied, Plans have been 

made for naking a snall modification in the divider and square rooter•s common 

prograrnr.rl.ng circuits which will 11l.imina.te the need for this flip-flop, Until 

this modification is made, the operator must pay particul~r attention to the 

interlock coincidence flip-flop neon (see PX-10-302) before starting a computation. 

When the interlock coincidence flip-flop is in the normal state, this neon is 

off, If this flip-flop comes np in the abnormal stF.te at the end of initial 

~ clearing, initial clearing should be repeated until this flip-flop does come 

up in the normal state, 

2,2, READER AND PRINTER PROGRAM CONTROLS ON THE INITIATING UNIT 

2,2,1, Reader Program Controls 

Certain reader progran controls are found on the initiating U!'lit 

(see PX-9-302 and 9-307), These include the ree.der start flip-flop and program 

pulse input terminal (Ri), the reader interlock flip-flop and interlock pulse 

input terminal (Rl), the reader finish flip-flop, the reader s~lchronizing.flip-

~ flop and program pulse output torninal (Ro), and associated gates, buffers, and 

inverters, The reader start button is also on the initiating unit, 

The reader start flip-flop is flipped into the o.bnoroal state either 

when Ri is pulsed or when, at the beginning of ~- C·,mputation (see Section 2,3,), 

• the reader start button is pushed, When the start flip-flop is in the abnormal 
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• state, a start relay in the constant transnitter is activated so that the reader 

is stimul£ted to read a card nnd cause information read from the card to be 

stored in the constant transr.1itter, A little lcss thD.n half way through the 

• card ro'lding cycle (see Chapter VIII), a roset signal from the reader resets 

the start flip-flop, so th ... t, even though reading is not yet completad, the 

st~..rt flip-flop is capable of again being flippod into the abnormal state (by 

the reception of a. pulsa at Ri) to rumonber that r<Jiiding is to take place again. 

When reMing is completed, the roe.der emits e. finish signal which 

causes the reader finish flip-flop t·o be flipped into the abnornal state, The 

interlock flip•flop is flipped int0 the abnormal st~te when an interlock pulse 

arrives at Rl or, at the start of a computation, when the reader is stimulated 

to read by the reader start button, The re~.dcr interlock flip-flop makes it 

• possible to carry on a sequence of programs in pil.ro.llol with reeding and then 

• 
• 

to stinulate the next program sequence when both reading and the parallel se-

quence have been completed since no progr2.m output pulse is emitted from terminal 

Ro unless the interlock flip-flop is flipped into the abnotnal state (see below), 

If a compute.tion does not call for a sequence in parallel with reading, the 

operator can provide an interlock pulse by sending the pulse which goes to Ri 

also to Rl. 

The coincidence of signals from the interlock and finish flip-flops 

causes gate 69 to emit a signal, The output of gate 69 gates a CPP through 

ge.te 62 which then sets tht· reader synchr~nizing flip-flop, The CPP gated · 

through 68 by the normally negative output of the synchronizing flip-flop gates 

a CPP through 68 and, thus, provides a reader progrem output pulse which is 

er.dtted from ternin~l Ro. The reason that the syncr~onizing flip-flop and gate 

68 are used after gate 62 is to ensure a program output pulse uf the proper 
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shape and in synchronisn with other progr3111 pulses. 

Neons correlated with the flip-flops mentioned above are shown on 

PX-9-305. ProF,ram c"ntrols for the< reader in :lddition to those on the initiE;ting 

unit are discussed in Chapter VUI, 

2.2,2, Printer Progrr·m Contrnls 

The printer ~'rogran c;)ntrols on the initinting unit include the printer 

stn.rt flip-flop and pr0grcom pulse input terminal, the printer finish flip-flop, 

the printer synchr0nizing flip-flop ancl. program pulse output tc1rninal, anrl asso-

ciated gates, buff;,rs, and inverters, Noons correlated with the flip-flops 

appear on PX-9-305. 

A program input puls<> received at Pi flips the printor start flip-

flop into the abm>rrnal state, This causes a st9.rt relay in the punch t·:> be 

activated so that t!:te tubes in the printer are; set up fJr the data to be printed 

and so that a card punching cycle is initiated (see Ch•·pter IX). About 1/4 

we.y through the card punching cycle, the )unch emits a finish signal which re-

sets the start flip-flop and sets the printer finish flip-flop, The output of 

the finish flip-flop in the abnurmal state gf!tes a CPP through gate 66, The 

output of 66 sets the printer synchr:mizing flip-flop whose output gates o. CPP 

through gate 69. The ::>ut;:>ut of p;ate 69 is tre.nsmit ted from PO as a program 

out?ut pulse, 

The printer progran controls are discussed in gree.ter detail in 

Charter IX • 

2,3. INITIATING PULSE FOR A COMPUTi.T!ON: Reader Start Button and Initi>~ting 
Pulse Button, 

Once the starting sequence is completed (8@ber and green pil~t lights 

• are on) 1 the BNIAC is ready to begin com!)uting. T'" stimulate the cooputation to 
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begin, however, a pr.ogrs.m pulse nust be delivered to the input terr.rl.nals of the 

program controls on which are set up the programs thet begin in the first addition 

time of the conputation, Two alternative methods exist for stimulating the be-

ginning of a col'lputati.-m, 

If the first event of a computation C)nsists of the reading of a card, 

the ciomputntion can be started by pushin~ th(; rc'•der start button on the initiating 

unit (see Section 2,2,1.), When re<cding is C"r.lpletod, then, e. procram output 

pulse is emitted frun terminal Ito, This ;)ulse can be used to sti.l'lulate the 

programs of the c0noutation which imr:lediately foll0w reading, J..s was noted in 

Section 2,2,1, pushing the reader start button also results in setting the reader 

interlock flip-flop s•J that no interlock pulse need be ;>rovided for a reading 

initiated by the reader start button, 

Tho terminal !'larked R on PX-9-302 p~.rallels the reader st.art switch 
s 

and is used for rc!'lPte control (see Secti~n 2,2,1,), 

The soc:md procedure for initiating n. computation is to c:mnect tho 

terminal mark8d Io (sec PX-9-302) trl the same pr:.,gram line as the input terminals 

of the program controls used for thrJ first progr<l.lns nf the computation, Vlhen the 

initiating pulse button is pushed, the initie.tin1; pulse input flip-flop (see 

PX-9-307) is set, Its 0utput allows a CPP to pass thr•mJ.€h gate 66 and set the 

synchr:mi.zing flip-flop, The nutput of the synchNnizing flip-flop gates a CPP 

through gate 69 which r<Jscts the input and synchr:Jilizing .flip-flops and causes 

~' ;Jr.Jgram pulse to be emitted from terninal I 0 , Neons correla.ted with the flip-

flops J'lentioned ab·we arc shown on PX-9-305, 

Tho initiating pulse button has a second important use in connection 

w:it !1 testing the EIHAC. One uf the chief techniques f,,r bcalizing errors in 

"'; ther the !'lachine or the set-up of the machine is to operate the ENIAC in the 
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one addition time mode :Jr in the cme pulse _time mode, Here, the pulses for one 

addition tine or 1 c>ulse tiJnu at a t:We resjlectively arc given out in sequcnce 

every tine the 1 pulse 1 adc1itj .. ~n tine buttcm r.:n the cycling unit is pushed 

(see Chapter III), In this way, there is a.n opp~·rtunity t•J observe the numerical 

and nrogranming neons, Frequently, it is more convenient to proceed through a 

portion of the cmnputr.ti:m with the ENIAC oDera.tin~ in its n~,rmal or c->ntinuous 

mode and then to switch to 1 addition time or 1 pulse time operation than it is 

to progress throul(h the entire computation non-continuously, This may be 

arranged by disconnecting the program cable which delivers the pulse used to 

initiate the programs which are to be examined non-continuously, VIe call this 

point where the program cable is removed a break point, \ihen the initiating 

pulse button is pushed, the computation begins and progresses to the break point, 

With the necessary switch made in the cycling unit (see Chapter III), computation 

in the non-continuous mode can be stimulated by delivering the initiating pulse 

from terminal I
0 

to the program line from which the program cable was removed, 

The reader will notice that after the initiating pulse button is pushed, two 

addition time cycles, one in which a CPP passes through gate 66 and one in 

which a CPP passes through gate 69, are required before the initiating pulse is 

delivered, 

The tlmission of tho initiating pulse may also be stimulated by remote 

control, The terminal m:trkcd Is on PX-9-302 is used to pnrallel the initiating 

pulse switch with a switch which m:<y be carried anywhere around the_ ENIAC room 

.md whj_ch is connected to Is via a. program linll which lw.a no load box, 
lf 
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2,4, SELECTIVE CLEAR COI\'TROLS 

There arc 6 selective clear program controls on the initiating unit, 

~ Each control consists of a transceiver with a program pulse input {Ci) and out­

put {Co) terminal on the front panel, The six selective clear transceiver out-

puts are conneeted in parallel to a line of tho synchronizing trunk, When a 

selective clear transceiver is stimulated, its flip-flop omits a signal called 

the selective clear gate (SCG). One addition time later, the transceiver is 

reset by a CPP and a program output pulse is emitted, Neons associated with the 

selective clear program controls are shown on PX-9-)85, 

The selective clear gate is delivered by the synchronizing trunk to 

the 20 accumulators, When the SCG is given out, any accumulator whose selective 

~ clear switch is set at SC clears in accordance with the setting of its significant 

figures switch (see Section 4,2,3,), Notice that selective clearing lasts but 

~ 

~ 

one addition time and clears only the decade and PM counters of accumulators, 

The selee~ive clear feature provides a convenient means of clearing the group 

of accumulators which store data for the printer {see Chapte~ IX) after printing 

takes place (see the illustrative problem discussed in Sections 8,7 and 9,5,), 

2,5, DEVICES FOR TESTING .THE ENIAC 

Located on the initiating unit (see PX-9-302) are the following 

devices for testing the ENIAC: d-e voltage meter and e.ssocia.ted voltage selector 

swjtches, d-e voltage hum oscilloscope, and a-c voltage meter and voltage se-

I··H;tor, switch, 

The d-e voltage meter together with the two d-e voltage selector 

sw5.tches provide a means of examining any of the ENIACt s 78 d-e voltages. The 
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d-e voltage chart below the selector switches indicates which voltage is 

measured as a result of the combination of settings on the switches, 

The a-c voltage meter and switch are used to measure the three 

phases of one of the two bus systems supplying 110 volt a-c to the filament 

transformers of the various units, Further details coo.cerning the use of the 

testing devices mentioned above as well as others not located at the initiating 

unit are to be found in the ENIAC MAINTENANCE MANUAL, 
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III CYCLING UNIT 

The cycling unit Jf the ~NihC is tha dGvicc whi•h provides pulses 

anc.! a pate .f::>r the other units to operate •m and which, thus, keeps the units 

operating in <::synchronism with one another, 

Normally a quart:;J crystal oscillator emits 100 kc sin<: waves which 

are c'JnVIOrtecl into pulsGs spaced at a 10 p,s intcrv1il by a pulse st~.nc'.c.rclizer, 

The fundnmental tine unit for tho ENIJ.C 1 a pulse ti.r.1e, is thus 10 l1S, The 

·:mtput of the pulse sta.ndardizer goes to the s" call"d on beat circuit which 

cont.~.ins another pulse standardizer :md tubes for powtor ~mplii'ication, The 

:m bo.'lt circuit emits pulses (through one of its 3 outputs) to the off beat 

circuit, The off beat circuit shapes, amplifies and delays tho pulses which 

it receives, One output •_;f the off beat circuit, delayed 1,25 l1S after the 

on beat pulses, is taken t•J a 20 star;e rinp, counter ( neons correlated with 

the stages of the ring !l.l'e shown on PX-9-304) which controls certain gates 

and flip-fbps, The off btJat pulses, delnyed 2,5 l15 after the on beat pulses, 

are taken to a gate which is controlled by a flip-flop, in turn, controlled l;ly 

the ring, othor r,''tes ass·:>ciated with the ring pass on beat pulses, . The ring 

with its associated flip-flops ~nd gates is resp:msiblo for producing a pattern 

of pulses repeated every 20 pulse tunes (or every addition time). The gate 

and each of the 9 different kinds of pulses (see PX-9-306) emitted every 

addition time arc each carried on one .~f tho 11 leads .:;f the synchronizing 

trunk (see Chapter II for th"' usu ·Jf the lith lead), The va.riOJus units of 

the ENihC are connected into the synchronizinR trunk so that they can pick 

up the pulses ~eeded for their operatiJn, 

The pulses generated by the cyclin:: unit <>r pulses from some external. 

source can be viewed on tho screen of an oscillosc<lpe built into the> cyclinG 

unit, 

This ch&pt<>r will cover the following topics: sourcGs of pulses and 

gates, Sec, 3.1; methods of ?por:ltion of the cycling unit and ENL,C, Sec, 3.2) 
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cycling unit oscilloscope, Sec, 3,3, Reference will be made to the following 

drawings: 

Front Panel of the Cycling Unit 

Front View of the Cycling Unit 

Block Diagram of the Cycling Unit 

and Initiating Unit 

Cycling Unit Pulses and Gates 

3,1, PULSES AND GATES Arm THEIR SOURCES 

3.1,1, The Pulses and Gates 

PX-9-303 

PX-9-304 

PX-9-307 

PX-9-306 

The nine different kinds of pulses and the gate emitted by the 

cycling unit every 200 p.s are shown on PX-9-306, The lOP are classified as 

off beat pulses; all other pulses as on beat, Each of the lOP, 9P, 2P, 2•P, 

4P, the lP, l'P and CPP are r~ughly the same in shape and alike in duration 

(namely, 2 p.s), They differ fron one another in the line of the synchronizing 

trunk over which they are transmitted, the part of the addition time cycle in· 

which they are emitted, and the purposes for which they are used in the ENIAC. 

The 9P, the 1 1 P, th~l, 2, 2', and 4P are commonly used as digit 

pulses, An accumulator transmits the number stored in it or the complement of 

the number stored in j~ by gating appropriate numbers of the 9P over the vari~us 

lines ef the digit output. In the transmission of complements from an 

accumulator, the 11P is gated and·allowed to pass over the lead which carries 

the extreme right hand significant figure being stored in the accumulator to 

• make a tens instead of nines complement, The 1, 2, 2', and 4 pulses are used 

particularly where information stored in static form is converted into pulse 

form, e,g, in the high speed multiplier, the function table, the divider-square-

rooter, and the constant transmitter, By suitable combinations of the 1, 2, 2•, 

• and 4 pulses any number between 1 and 9 can be formed, The lOP are used only 

in accumulators, They serve to cycle each counter around back to the position 
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it starts from when the transmission of a nunber and/or its complement from 

an accumulator takes pbce (see Sec, ~ .• 3,1), 

~carry clear gate (which lasts fr~ pulse time 11 to 17) is used 

to cause the cleD.ring of accumulators which, at the oper~.tor 1 s option, may or 

nay not take place e.fter tr<onsmission fror.t an accumulator (see Sec. 4,2,3,), 

The carry clear fl'.tte ulsr, t•llows a ctll'ry over pulse to pass from a C:ecade 

counter to the C:ecade counter inmediately tc> the left if ce:rry ·JVer tak<os place 

in tho reception of a nunber by an acc~~ulator (see Sec, 4.3.2), C~ry over 

can take place in two ways: delayed or cirect, In d6laycd carry over, the first 

reset pulse passed throur,h a gate (which is controlled by a flip-flop that 

renembers that carry over is to take place) is r,ated by the carry clear gate 

so that it can reach the next decade, The second reset pulse reset• this flip-

flop, Direct carry over taktls c:1re of carry overs which result from carry 

over, In this latter form, the pulse which necessitates carry over (and not 

th<l reset pulse 1 as abov<~) is the one which the cli.l"ry clear gattl allows to 

pass to the next decade counter, The reset pulse is er.titttld twice, once 

during the er.tiasion of the carry clear gate for delayed carry ,>ver and once 

after the carry clear gate to reset carry over flip-flops which may be set 
first 

after delayed carry over takes place. The~resot pulse is also used to reset 

a flip-flop (the same one used for carry over in reception) which is set in 

the process of transmitting from an accumulator. 

The principal uses of the central proe•ram pulse (emitted at pulse 

time 17) are the provision of the pNgr31ll pulses needed to stimulate program 

controls and the resetting of the receivers and transceivers in these program 

controls. 

3,1,2. Sources of the Pulses and Gates 

" )llock diagrar.1 of the circuits of the cycling unit which are involved 

in generating the pulses ann gatos emitted by this unit appears on the left 

hand half of PX-9-307. 
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The oscillator (61, 63) emits 100 KC sine W'<ves which the pulse 

standa.rdizer (K, 126) converts intJ pulses spaced at 10 p.s intervals • 

In continuous op~r;otion (see Sec. 3.2.) oach pulst:J from the ''scil-

lntor and pulse standarc1izor circuit is c~olivereC: to the on beat circuit •. A 

special pulse st~.ndurdizer in this circuit (tubes 61 and 62 anc! thel.p.s c1elay 

line) produces rectan.-;ulm- pulses 2 ll8 broo.c', The on boat circuit has 3 out-

puts, One of the outputs is brought to n terr:dna.l lab~lled on beat pulse 

output terr.dnal (sec PX-9-304), FJr ev~ry pulse rcceivad by the on beat 

circuit, a pulse in phase with the 9P is emittec! from this terminal, These 

pulses are used in the test equipnent of the ENii.C (see ElliAC ll;;.INTEN;,NCE 

u,.NUA1), •• nother output .of the on beat circuit delivers pulsGs to gates 

ass·Jciaterl with various stages .-,f the cycling unit ring and the third output 

delivers pulses to the ,,ff boat circuit, 

Off beat pulse 

Pulse to cyale ring [-.. ·--·. 
~: ---~ -1 ........ __ _ 

.-··~- .......... , 

On beat pulse ·==:--=1 ___ +-t 
{'>,.1.l1' 

Duration in ~s 

Fi;:ure 3-1 

I , , .. + 
• 1 

I 

» 

I 

. t -- . g., j:-::~ 
1 0 ~ 

The off beat circuit routes these pulses through a 2,5 1111 delay line, 

This delay line is tapped :~ot half its length, for the pulses which cycle the 

ring counter, Tho pulses delayed the full 2,5 p.s, called the ·Jff beat pulses, 

are delivered to r,ate 130 (sea Fig, 3-1 for a chronologic11l comparison of the 

on beat end )ff beat pulses :me' the pulses which cycle the ring), 
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Tho off beat pulses pc.ss thr:mp.h L30 to produce tho lOP as long as 

gc.te L30 is held open by the lOP f.J.ip-f'l:op (L29) in 'tnt~ abm.oi'Ill!ll state, This 

flip-flop is flipped into the nbnomal state when the rinr, counter is in stage 

zero and re~ains in this state until reset by a signal from gate A30 (which is 

controlled by stage 10 of the ring), The lOP n·eun c.;rrclated with this flip­

flop is shown on PX-9-304, 

Stage 1 of the ring controls gate K30, ThtJ on beat pulse passed 

throueh gate K30 11iv.es rise t;, the lP and the first of th~> 9P, Sta;;e 2 of 

the rine c·mtrols gate J30, The ,>n beat pulse pnssed through gate J30 t;ives 

rise t., the first ;;f the 2P and the second ·~f the 9P, etc, In this way, the 

1, 2, 21 , and 4P, and the liP are generated in the· chronological order shDwn 

on PX-CJ.-306. • 

When the cyelinp, unit ring rcach~s stuge 11, · gate B27 opens t.e 

pass an on beat pulse, This signal sets th•> carry clear gato flip-flop, 

E27 (see PX-9-304 for the associated neon), This flip-flop remains in the 

abnormal state for the next 7 pulse times, being reset by an on beat pulse 

gated through eate H27 which is controller by stage 18 of the ring, The signal 

from the carry clear gate flip-flop in the abnormal state produces the CCG, 

While the carry clear ~:ate is on, an .~n b"at pulse gated through 

gate C27 (which is controlled by stc.go 13) produces a reset pulse, The 

second reset pulse is pr~rlucec! when the ring is in stage 19, 

•< sir,nal frOI.l star~e 17 of the ring gates mt on b~:at pulse thr->ugh 

gate 27 to produce a CPP, 

hll of the cycling unit pulses an~ gates shown Jn PX-9-306 are 

passed thr<Jup;h cycling unit transmitters (61-70, 21-30, or 3-12) for power 

amplification before trt,nsmission from the cyclinr. unit, 

It is <;x;>ectcd thf..t Jilost of tho time the ENI.bC•~s oscilbtur circuit 

with its 100 kilocycle rate "ill be used in th.:J cycling unit. If for any 

r .. ason it is rlesirerl to •)perate the ENI.:.C at S'Jrne other rate, a different 
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oscillatJr can be plugged in and usee to supply pulses to the on beat circuit. 

When the CJscillabr switch (sec PX-9-304) is set at Ext, and. an external oscil-

lat'Jr is pluggec'. into the external oscillator input tenninal at the right of 

this switch, the fundamental pulses for the cycling unit are derived frc•m tho 

external oscillator, Vlhen the cycling unit 1 s 0scillat.1r supplies the fur.r!<non-

tal pulses 1 the oscillat0r switch is sot at Int, It is to be noted thL'.t the 

time constants for the ENI;<C 1 s circuits hnve been desir,ncd f)r <c fr&guency of 
been 

100 KC and certain safety factors have~ncludod on this b~sis, If a higher 

frequency is used, these SILfety factc:rs will be lost s<.> thnt the reliability 

c>f the ENI;,c will be decre,sed. 

3.2, METHODS OF OPER..TION 

The cycline unit can be sot up so tha.t the ENEC vper<.teli in ;;ne of 

3 modes: 

1) continuous operr.tion nt the func1amente.l frequency of the 

oscillator used, 

2) one addition time operr.tion in which the cyclin£, unit supplies 

the pulses for :mly :~ aclditbn time cycle at the oscillator 

rate with a wait of rmy len;~th desired by the operator between 

addition tirnes, 

3) one pulse tine oper~tion in which the cycling unit supplies the 

pulses of the !!.dditbn time cycle ·me at 'l. time with a wait of 

any len,~h desired by the operator between pulses, 

C·Jntinuous operatbn is the natural rneth,>d ,,f operation of the ENii.C. 

One addition time or :me pulse time operation is usecl. for testing and checking 

purposes, One ac'dition time operation is particularly useful in chocking a 

set .. up that is put on the ENI.i.C, Before actually runnine through a cor.~plete 

computation continuously, the oper~<tor ct>n cause the ENI;:.c to pr0grEiss thr~ugh 

one cycle vf the corn.put1tion additiC1n tir.te: by addition time, By observing the 

neon bulbs in the various units; he can then check to see that the units are 
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.... operating properly and that switch settings and cable connections have bA~n 

made correctly te carry out the contemplated set-up, To test whether cr not. 

a particular unit is functioning properly, l addition time, or, for fine;· 

• 
disgrimination, one pulse time operation can be used, 

The cycling unit controls which are used for the various rnocles of 

operation are the operation selector switch and the l pulse time-1 ad~ltion 

time push button (see PX-9-303), When the operation selector switch is set 

at Cont., the cycling unit emits the pulses and gates continuously, When 

this switch is set at l Add, the pulses and gates for l complete addition time 

cycle are given out every time the lP-lA button is pushed, With the switch 

set at l Pulse, the pulses or gates of the addition time cycle are given out 

in chronological sequence, one each time the lP-lA button is pushed, It might 

be mentioned that all three modes of operation are possible whether the ENIAC's 

• oscillatclr or an external oscillator is used to supply the fundamental pulses, 

Continuous or non-continuous operation is accomplished by allowing all 

pulses or ~nly certain pulses from the oscillator circuit to reach the on beat 

circuit (and then the off beat circuit, and the ring with its associated gates). 

• 
• 

The continuous relay, the l addition time relay, gates L 28 and L 27 and the 

l pulse - l addition time push button (see PX-9-307) are used tor this purpose, 

It might be pointed out that gate L 27 is connected to the norr~lly positive oat­

put of stagEt zero "Of the ring;· 'l'hus L 27 is closed v,hen the ring is in stage 

zero and open at all other times, 

In continuous operation, the requirements are that the circuit con-

taining gates L 27 and L 28 shall pass all of the pulses from the oscillator 

and that accidentally pushing the 1 pulse - 1 addition time push button shall 

have no effect, The requirements are met in the following way: with the 
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operation switch nt at continuous (as shown on PX-9--307) the continuous relay 

ie actiYated so that contacts l and 3 are closed and the l addition time relay 

ie not actiY&ted so that contact 6 is closed, Now with contact l closed, the 

cathode or tube 70 (at the left) floats and the tube is, therefore, inoperative, 

Since this tube is not conducting, a positive voltage is applied to gate L 28, 

The circuit through contact 3 delivers to the pulse standardizer K-L 26 and then 

to gate L 28 the oscillator pulses which then pass through gate L 28, 

When the operation switch is set at lP or lA respectively, only the 

pulse which results from pushing the l pulse - 1 addition push button or only 

20 oscillator pulses immediately following the pushing or the button are to 

reach the on beat circuit, Let us, therefore, consider the circuit containing 

the 1 pulse - l addition push button, Tubtls 68 are nonnall;y on and tubes 69 

constitute a flip-flop with but one stable state (a non-standard flip-flop for 

the ENIAC), The normally positive output of this flip-flop is taken to tube 70 

and the normally negative output is used to reset the flip-flop immediately after 

it is set. l'lhen the push button is pushed, tubes 68 go orr and the flip-flop is 

set momentarilY; otherwise, this flip-flop remains in the normal state, 

When the operation switch is set at 1P, neither the continuous nor 

the 1 addition time relay is activated so that contacts 6, 4, and 2 are closed, 

The circuit through contact 2 connects the cathode or tube 70 (at the left) to 

-40V so that, with the flip-flop (69) in the normal state, tube 70 is on, The 

negative output or this tube holds L 28 closed, Only wheh the push.button ie 

pushed is tube 70 turned off so as to open gate L 28, The positive pulse from 

tube 70 (at the left) also passes through the other tube of the same number and, 

• through contacts 6 and 4, i:s delivered to the pulse standardizer. and, finally, 

gate L 28, 
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In l addition time operation, contacts 5, 4, and 2 are closed, 

The circuit through contact 2, as described above, causes gate L 28 to be opened 

momentarily when the l pulse - l addition time button is pushed, The circuit 

through contacts 5 and 4 delivers the oscillator's pulses to the pulse standarc!-­

izer and the gates L 27 and L 28. The first oscillator pulse passes through 

gate L 28, This pulse results, finally, in cycling the ring fran stage zero 

to stage l so that the subsequent 19 pulses from the oscillator pass through 

gate L 27 • When the ring reaches stage zero again, L 27 is closed and L 28 

does not open again unless the l pulse - l addition button is pushed, In case 

the cycling unit has been running in the l pulse time mode and is switched into 

the one addition time mode in the nidst of an addition time cycle, the pulses 

and gates for the remainder of the addition time are given out immediately 

(since gate L 27 is open), whether or not the l pulse - l addition button is 

pushed, 

Controls are provided which enable the operator to control the method 

of operation of the cycling unit when he is standing near some unit different 

from the cycling unit, The PA, lA, and Cont. input terminals (shown on 

PX-9-303) make this possible, Portable push buttons may be used in connection 

with these terminals by plugging them into program lines (with no load box) 

which are in turn connected to each or the terminals PA, lA, and Cont. 

A push button connected to terminal PA parallels the l pulse - l add 

addition time push button, Portable push buttons connected to the lA or Cont • 

terminals can be used only when the operation selector switch is set at l 

Pulse, since, with either or the other settings, the mode of operation circuits 

are locked so that they cannot be entered except from the operation selector 

. switch, Closing the button connected to terminal lA causes the l addition 

time relay to be activated; closing the button connected to the Cont. terminal 

causes the continuous relay to be activated, 
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A more convenient method of operating the l pulse time - l addition 

time push button and the operation selector switch from any place in the ENIAC 

room is provided by the portable control box, This box, which parallels certain 

controls found on both the initiating unit and the cycling unit, is discussed 

in Section 11,6, 

3,3, THE CYCLING UNIT OSCILLOSCOPE 

An oscilloscope whose screen is shown·on PX-9-303 is built into 

the cycling unit, The oscilloscope input switch with its 12 positions makes 

it possible to view any of the groups of cycling unit pulses or gates, the 

selective clear gate, or any external signal brought to the cycling unit 

through terndnal Ext, below the switch, 

It might be noted that the main purpose of the oscilloscope is to 

make possible verification of the presence of the pulses and to provide a 

rough check on their amplitudes, Vlhen viewed on the screen, the cycling unit 

pulses and gates should be approximately an inch high as indicated by the line 

on the oscilloscope screen, Because of their reflection in the lines of the 

synchronizing. trunk, the cycling unit pulses and gates seen on the oscillo­

scope screen do not have the symmetrical square shape shown on the chart below 

the screen, 
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IV ACCUMULATOR 

The accumulator serves as a memory and arithmetic unit, Each 

accumulator can store and aperate on a number having as many as 10 digits 

with its sign indication, Two accumulators can be interconnected by special 

plugging of their interconnector terminals so that they can store and operate 

on a signed number with as many as 20 digits, Programming memory is provided 

by the transceivers of the accumulator~s 8 repeat program controls, Repeat 

switches included in the repeat program controls make it possible for an 

accumulator to remember that it· is ta transmit a pragram output pulse 1 to 9 

addition times after receiving a program input pulse, In addition to 8 repeat 

program controls, the accumulator has 4 non-repeat program controls which have 

receivers and can, therefore, receive but not transmit a program pulse, 

Because an accumulator is capable of receiving a number or of 

transmitting the number and/or the complement of the number stored in it, an 

accumulator is capable of performing the operations of addition or subtraction, 

Repeat program controls on the ENIAC make it possible for the accumulator to 

receive or transmit repetitively from one to nine times when a given repeat 

program control is stimulated, Each accumulator has 5 digit input channels 

through any one of which it can receive a 10 digit signed nmnber, Mechanical 

shifters plugged into these input terminals make it possible to receive the 

incoming number shifted to the right or left , Thus, the accumulator, through 

repeated addition, can carry out the multiplication of a number by a constant 

having one or more digits, 

The ability to do addition and subtraction ~nd the presence of 

transceiver units in the accumulator also make it possible for the ENIAC to 

compare the magnitudes of two numbers in accumulators and, on the basis of 

this discrimin£·.tion, choose which of 2 alternative program courses is to be 

followed, 

The accumulator can clear its contents to zero in all decades or can 
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• clear so that zero rer~ains in all decades but one and a five remains in that 

one (clear to 5), The ability to clear to 5 in a given decade combined with 

the possibility of plugging a deleter into an accumulator's digit output 

terminal or terminals makes it possible to use the accunulator to round off 

• numerical results, 

The static outputs of various stages of the 10 decade counters and 

the binary PM counter of an accumulator can be connected to other units such 

as the high speed multiplier or printer so that these units C>Ul receive in­

forc-~tion about the number stored in a given accumu~tor statically, {see 

Sec, 4.3.3.), 

The following topics reg11rding the accumulr.ctor will be discussed 

in this chapter: Sec, 4,1, program controls; Sec, 4,2, common programming 

circuits; Sec, 4.3, numerical circuits; Sec, 4,4, use of accumul<.tors for 

• fewer or more than 10 digit computations; and Sec, 4,5, problems illustrating 

the use of accumulators, Reference will be made to the following diagrams: 

.l!.ccumul£.tor Front View PX-5-:"305 

Accumulator Front Panel PX-5-301 

Accumulator Block Diagram PX-5-304 

4,0, GENERAL SUliMARY OF THE i•CCUJ,RJI,,.TOR 

Each accumulator has 12 program controls {see PX-5-301). Four of 

these are non-repeat program controls; eight are repoat,, Each of the 12 pro­

gram controls has an operation switch for specifying the operation {receive, 

• transmit, or neither) which the accumulator is to perfo~ and a clear-correct 

• 
switch, In addition, each non-repeat control has a receiver with a program 

pulse input terminal; each N>peat progr3111 control hccs a transceiver with 

program pulse input and output terminals and a repeat switch. Neons associated 

with the 4 receivers and 8 transceivers are shown on PX-5-305. 

The 12 progra:n controls operata common progr1unr.rl.ng circuits (see 

PX-5-304), the receive circuits, the transmit circuits, the clear circuits 
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(includirig the significant figures switch and selective cleaJt l!'l'!itch), and a 

circuit which enables the accumul-ator to pick up the l'P, The repeat switches 

of the 8 repeat program controls also operate in conjunetion with the 9 stage 

repeater ring circuit. The repeater neons (see PX-5-305) aro oorrelated 

with the stages of the repeater ring, 

The programming cir<:uits common to all.l2 program contrOls operate 

the accumulator's numerical circuits (see PX-5-304). The accumulator's 

numerical circuits consist of 10 decade plug in units and a PM-clear plug 

in unit, Each decade plug in unit consists of a decade (10 stage ring) 

counter, a decade flip-flop (16, 17), a stage nine gate (14), reset pulse 

gate ( 18), carry over gates ( 19 and 20), A and S ol¢-put gates ( 21 and ~­

respectively) and transmitters, a pulse standr..rdizer and several inverter 

tubes, Each dec~ de counter stores 1 digit of Iii number and plays a part in 

the reception or transmission of one digit of the total of 10 digits that the 

accumulator can handle, The decade flip-flop has 2 purposes: (1) In reeep-. 

tion it rememl!>ers if carry ov3r is to tcl<e place; (2) in transmission it 

controls the A and S output g~tes, Gates 14, 18, 19, and 20 participate in 

the carry over process. Gate 18, moreover, controls the resetting of the 

decade flip-flop, The decades arc numbered from right to left so that units 

decade counts as decade 1 and the 109 decade, as decade 10,_ There is a neon 

bulb associated with each stag~ of a decade counter and with the decade flip­

flop (see PX-5-305). 

The PM-clear unit contains a binary ring (PM) counter, A and S out­

put gates and transmitters, a pulse standardizer, and amplifier tubes for the 

clGar signal, There is also a special trr.nsrnittEli' for tho l 1P used when the 

accumulator tre.nsmits subtractively, The PM counter has stage P for positive 

numbers, and stage M for negative numbers (which are treated as complements 

in the ENIAC) • It should be noted th9t pulse input to the PM counter can come 

not only from the PM lead of a digit input terminal, but also can result from 
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carry over from the lOth decade, This latter fact makes possible the correct 

addition or subtraction of signed numbers, Neons correlated with the stages ' 

P and M of the PM counter are shown on PX-5-305, 

Vihen storing the number +2 345 098 765, the accumulator's face 

will have the appearance shown on PX-5-305 (a) where a darkened circle denotes 

a lit neon bulb, and the corresponding stages of the various counters will be 

in the abnormal state. 

The negative of a number is represented in the ENIAC by the complement 

10* of the number with respect to 10 , An accumulator stores the number 

-2 345 098 765 in the form M+(l0
10 

-2 345 098 765) or M+( 7 654 901 235), When 

an accumulator is storing -2 345 098 765, the digit neons appear as il\ Px-5-305 

** (b) and the corresponding stages of the counters are in the abnormal state. 

The decade counte111 and PM counter transmit their digit output through 

either or both of 2 terminals, the A (add) and S (subtract) output terminals, 

The number stored in an accumulator is emitted over the A termine.l1 the com-

plement, over the S termin."J.l, The counters can receive their inputs from any 

one of 5 input terminals identified by the letters a, p, y, S, &, The decade 

counters and the PM counter of an accumul~tor receive or transmit the infer-

mation ftr all 10 digits end sign simultaneously (the transmission of the 

pulses for each digit is, however, serial). 

4,1, PROGRAM CONTROLS AND THE SIGNIFICANT FIGURES AND SELECTIVE CLEAR SWITCHES 

As stated earlier, each accumulator has l2 program controls: four 

non-repeat controls (consisting of.receiver with program pulse input terminal, 

~peration switch and clear-correct switch) and 8 repeat controls (consisting 

of transceiver with progr.'llll pulse input and output terminrLls, operation switch, 

clear-correct switch, and repeat switch). In this section the possible settings 

• * Also see Sec, 4.1.4. 
*"When two accumul~,tors are interconnected to form one 20 decade accumulator, 

complements are t?~en with respect to 1020, 
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and uses of program control switches will be described. The significant 

figures switch and selective clear switch which are more properly classified 

as part of an a.ccumulator 1 s common progr?mming circuits are also described 

here. The switches are shown on PX-5-301. Neons correlatod with the 12 pro­

gram controls are shown on PX-5-305 • 

4.1.1. The Operation Switch 

The operation switch has 9 positions: ~, ~. y, 8, &, 0, h, s, AS. 

If the operation Sl1itch of a stimulated program control is set at one of the 

settings ~, ~. y, 8, or &, the accumulator receives the pulses representing 

any number transmitted over the digit tray to which the corresponding digit 

input tenninal is connected. Obviously, if that input tenuimU. is not con­

nected to a digit tray or is connected to a tray not c~.rrying pulses at the 

time the control is stimulated, the accumulator receives no pulses. This 

point will bo referred to in Sec. 4.1.2, in connection with the clear-correct 

switch. 

If the operation switch is set at A, s, or AS, the accumulator 

transmits its contents, the complement of its contents, or both respectively 

when the control is stimulated. 

The setting 0 instructs the accumulator to neither receive nor 

transmit. This setting is useful on non-repeat or repeat control operation 

ewitches when it is desired to clear an accumulator without receiving or 

transmitting (see Sec. 4.1.2.). When set on the operation switch of a. repeat 

program control, the setting 0 provides a means of obtaining a program output 

pulse deb.yed from 1 to 9 addition times without, however, disturbing the 

contents of the accumulator. (See the discussion of dummy programs in 

Sec. 4.5.). 

4.1.2. The Clear-Correct Switch 

The clear-correct switch can be set at either C or 0. The accumu­

lator~s interpretation of the setting C d&pends on the setting of the associated 
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operation switch, 

If a stimulated progrum control's operation switch is set at one . 
I 

of the transmit settings (A, s, or AS) or is set at 0, the accumulator clears 

either to zero in all decRdes or to zero in all decades except one in which 

it clears to 5. The setting of the significant figures switch {see Sec, 4.1.4) 

determines whette~ clenring is to zero or 5 and, if to 5, in which decade 

the 5 appear~. 

With th~ operation switch set ~o a receive setting a, ~. y, S, or £, 

the setting C of the clear-correct switch gives the instruction "pick up the 

1 1 P from the sync!1ron:. zing trunk and put it in the first decade". If there 

are no digit pulses coming to the digit input terminal when the ~ontrol set 

up in this way is stimulated, the accumul~tor simply picks up the l•P. If 

there are actually pulses coming to the digit input ten,unal, these are first 

received and then, when the cycling unit emits the l 1 P, this pulse also is 

picked up and put into the first decade, it. "receive - C11 program in which 

digits are received and the l'P is picked up is, however, not possible when 

the digits are ~eing transmitted as a complement from another unit in such a 

way that the l'P from th6 digit tray also arrives in units place, (See 

Sec, 4.3.1.) 

There are at least three occasions when the "receive ·-C" setting 

of ~- program control proves useful, If a given accumulator is being used to 

store the independent variable, the accumulator can be progrturuned to· pick up 

the 1 1P whenever it is desired to increase the waue of the independent 

variable by one (see the illustrative problem of Chapter VIII). In some 

problem set-ups, an accumulator may receive from thu S output terminal of 

the product, quotient, or two root accumulator, a complement with respect to 

9 in all decades instead of a 1010 complement ( stle Chapters V and VI and 

Sec, 4.3,1.), Also, an accumulator may receive a number transmitted as a 

complement by a second accumulator and shifted to the right enroute so that 
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the original 1 1P needed to make a tens complement (see Sec, 4.3.1.) is lost, 

The missing pulse, in either case, can be picked up through a 11recei~ -C" 

program, 

4,1,3, Repeat Switch 

The repeat switch (which is found only oh repeat program controls) 

can be set to any number between one and nine inclusive, The accumulator 

carries out wha.tevc:r operation is set on the associated operB.tion switch as 

many times as is specified by the setting of the repeat switch,· Eacll 

repetition requires one addition time so that if the repeat switch of a 

control is set at t (l!'"r·~), r addition times must be allowed for the pro­

gram eet up on that control, The transceiver of· a repeat program control 

emits a program output pulae at the end of r addition times, 

It is to be noted that if the clear switch of a repeat program 

control is set at C in connection with an 0 or transmit setting of the 

operation switch, clearing of the accumulator takes place but once, at the 

end of the ~ addition time, The setting C in connection with a receive 

setting of the operation switch of a repeat program control causes the accumu­

lator to pick up the 1' P in each of r addition times, 

If the number a is stored in one accumulator and the number b in 

another accumulator, a ! rb (where l~r S'9) may be formed in the first accu­

mulator through the use of a repeat program control on each accumulator, The 

operation switch of the control on the first accumulator should be set at a 

receive setting and the repeat switch, at r, The operation switch of the 

second accumul,,tor' s control should be eet at A (ife+rb is to be formed) or 

at S (if a-rb is to be formed) and the correlated repeat switch, at R~ r. 

(see Problem 1, Sec, 4,5,) 

In a similar fashion, it is possiblo to form a • b 1: ri 10 k-i, 

In this case where the coefficient of b has more than one digit, shifters 

(see Sees, 4,5 and 11,~) are used to effect multiplication by powers of lD. 
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Notice that if the coefficient of b has p digits, p program controls will 

usu~lly have to be used on the receiving accumullitor but fewer the.n p may 

suffice on the transmitting accumulator, For ex';nple, 234b may be formed 

in an accumulator thr:mgh"the use of one progrnm control (set-up to trr.nsr.rlt 

additively 9 times) on the tr:cnsmitting accumulator. Three program controls 

must be used on the receiving <l.ccun\Ul.ator: oue set up to receive, say on a., 

4 times; another sot up to receive on ~. 3 times; a third set up to receive 

om-y, twice, J.. shifter which shifts numerical data 1 place to the left should 

be used 11t the ll input termino.l and one which shifts numbers two phces to the 

left, at the y input terminal of the receiving &ccumulator, .i.e an oxa.rnple of 

the circumstances under which fewer than p progr~ c~ntrols suffice on the 

transmitting accumubtor, consider the c7se of f:li'Ining 998'b, This com be 

done by prograrnning the accumulvtor which .stores b to trccnSJ:lit subtrc.cti wly 

twice tnd then ~dditively once und by progrmm:rl.ng the receiving accumul~tor to 

receive twice thru- an input terminal without a shifter and once thru an input 

terminal with t •. shifter th:•.t displaces d<:ta 3 places to the left (i ,e, form 

998b as 103b- 2b), 

4,1,4, The Significant Figures Switch 

The significant figures switch is 8 part of the common programming 

circuits which function when the r.ccumulator transmits subtra.ctively or when 

the accumulator clears, The significant figures switch has eleven positions, 

0, 1, ,,,, 10, These numbers refer to the number of significant figures, 

counted tow:;,.rd th<J right from the PM counter, to be retained in the accWliUle.tor, 

If the signific~nt figures switch on an accumul,tor is set at s 

st 
(O$s"l0), when clearing takes place, decade 10-s (i.e, the s+l decnde 

from the left) clears to five and all other duc~des to zero, When a single 

accumul~tor is used, this means th-'l.t the accumulator is cleared to zero in 

all decades if its significant figures switch is set at 10, If two accumu-
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lators (see Sell, 4,4,2,) are interconnected to form a 20 decade accumulator, 

the setting s•lO on the left hand aecumuletor causes it to clear to zero in 

all docades; the right hand accumulator then clo::ars in accordance with the 

setting of its significant figures switch, For eX<1l!lple, if 11 signific<~nt 

figures are to be stored in the ll left hlllld decades of a 20 decade accumu-

lator, the significant figures switches of the left and right hand accumulators 

respectively are set at 10 and 1, 

The setting of the significant figures switch also determints the 

decade place into which. the 1 1P is put wh~n an accumulator transmits subtree-

tively. With the significant figures switch of an e.ccumulator set at s, the 

l'P is tr:msmittod over the lead for decade plnc£. 11-s, i,e,, the ath deca.de 

place from the left, If thu significant figures switch of an accumulator is 

set at 0, this means tlwt the 1 1 P is n·Jt trunsmitted when subtractive trans-

mission takes pl~,ce, It is to be noted th,'.t the l' P is picked up IJ.lld put into 

units decade of an accumulator (which,in the case ~f 2 interconnected accumu­

lator!ft mean th" 20th decade from the left) when a "ileceive-C 11 progr!tlll control 

is stimulated regc.rdless of thE: setting of the significant figur£;s switch, 

Notice, that as far as rounding off a number in an accumulator is 

concerned, the setting of the significant figures switch provides only for 

getting the correct s digits from the left, The significant figure8 switch 

setting has nothing to do with deleting the non-significant digits at the 

right. The operator provides for the deletion of non-significant figures 

by placing a deleter ~t the output* terminal or terminals of the accumulator 

storing s significant figures (see Sees, 4,5 and 11,2), When printing of an 

s significant figure result is to take pl!,ce fran an accwnulator and the non-

significant figures at thtJ right have net been deleted, deletion can be 

!~ .. The deletere constructed at present can b" used only o.t digit output 
terminals, Special deleters, however, can be constructed for use at 
digit input terminals, 
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4,1,5, The Selective Clear Switch 
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The sel.ec';ive clear switch has two positions, SC and 0, When the 

selective clear signal ~s transmitted from the initiating unit (see Chapter II), 

all accumulators whose selective clear switches 1.\re set at SC clear~ those 

accumulators whose selective clear switches are set at 0 do not clear, 

4, 2. COMMON PROGRAMMING CIRCUITS 

4,2,1, The Receive _Circuits 

When the receiver or transceiver of a program control whose operation 

switch is set at a, receive setting (a., tl, y, S, or e) is stimulated, a signal 

from the normally positive output of the flip-flop is delinred (after passing 

thru an irlVm·ter and a buffer) by way of one deck of the operation switch to the 

receive circuits of the accumulators, The receive l:'ircuits include gates A 

• through E 47, buffer tubes (A-C 48, A, C. E, G, and J 46, and A-D 49), and the 

5 sets of receive gates A-L 41, ,,,, A-L 45 for the digit input terminals a. 

through e respectively, 

• 

The signal from the deck of the operation switch (referred to above) 

applied to the set of receive gates corresponding to the setting of tho switch, 

opens the 11 receive gates for that digit input chann~"Jl. SimultaneOullly, then, 

the digit pulses for tho 10 decade places and the PM place are received in the 

accumulator, Th<J puls<:Jc fer each place are routed to the appropriate counter 

with each pulse received at a counter cycling it one stage, 

The signal applied to one of the gates A-E 47 allows the carry 

clear gate to enter the accumulator and play its role in the carry over process 

(see Sec, 4.3.1,), 

4,2,2, The Transmit Circuits 

• If a stimulated program control is set up for transmission (operation 

switch set at A, s, or AS), a signal from the normally positive output of the 

flip-flop op•ms one of thP. pa.tP.s F, r., or H47 so that the 10 P are admitted 
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l.o each of the decades of \he c.ccumul~tor, The role phyed by the 10 P in 

tr•,nsnission is dcscrib~>d in Soc, 4,3,1, The signal from the flip-flop ••lso 

apens gnte F49 (if S), J~'9 (if h.) or g,,,t<.s G >.nd H49 (if i.S) so th.•.t the 9P 

can puss to the II and/or S output gr,te.s of tho 10 decades ~·nd the PM unit, 

In S or .. s transnission, rwre,Jv~r, g:1te J.t42 or M4l is opened to pccss the l' P, 

The l 1 P passing through deck 3 of the significant figures switch is routed to 

the lt>ud of the S output tcrminc.l specified by tho setting of the significe.nt 

figur·cs switch, The m',.nner in which the ;, and S gates are controlled so th'l.t 

thu corrt:ct n=bor of digit pulses (or 9P) are cr.Ji.tted over e:tch decade place 

load is d~scribod in Sec, 4.3.1. 

4,2,3, The·~cloar Circuits 

The alegr circuits include gnte ~144, decks l, 2, lJ., and 21. of. the 

significant figures switch nnd the clear tub<;s in the PM unit, 

If o.n accunulntor is stinulc.tad to transmit •md clear, a sign:;.l from 

buffer 62 of receivers or buffer 63 of transcYi~ra"is applied to 

gate M44 so thot the carry cle~·.r gc·te (CCG) is pv.ssed to the PM-Cle«r unit, 

The clear signnl fron the PM tubes goes directly to the upper connections of 

st1:.gcs l, 2, 3, 4, 6, 7, 8 and 9 in all decodes causing the so stages to be 

flipped into the nnrmn.l st<•.te, With the signific:mt figures switch set at s, 

the signr.l fror1 the cleur tubes is routed through deck 2J,. to the upper lead 

of the zer" ste.ge in decvde l0-11 .~nd through deck 1 to the: upper connection 

to stage 5 in Lll dcct-des o:l[cept dec~.de 10-s. Decks L\ and 2 of the signifi­

cant figures switch nrc return circuits fron the flip-flops, Thus, st[·ge 

zero is left in the a.bnorr.llil. state in ill decades except decade 10-s in which 

stage 5 is left in the &bnc'rm~cl st~tc, 

Notice that gate l.f44 c= be opened to pass the CCG either by the 

initial clear gate (see C1!apter II) or by the selective clot.r gcte (provided 

that the accwnul&t<:>r 1 s selective clear switch is set "'t SC,), as well a.s by 

' 
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the flip-flop mcntbned at.ove, 

4,2,4, Circuit for ;,dnitting the l'P to Units Decade 

J, signal from the norr.1~.lly negative output of a trc.nsceiver' s 

flip-flop, through a buffer and then passing through the clear correct switch 

and one of the receive points on the oper~.tian switch reaches g~tes E49 and Ei50 

after P" ssing through thFJ inverter G50, These g:~tes, when opened, allow the 

l' P to pass through to units dec3.de :>f the accur.~ulutor, 

4.2,5, Repeatvr Ring Cor.v;tc>n to Repeat PrugrE>rn Controls 

The eight repeat program controls on !ln !•.CCUrNl.ator operotc the 

9 stage repeater ring circuit in c::>J:IIIIon, 1, signal fr.:>m th•; numally negative 

output of the flip-flop of such controls bnd then through buffer 6l opens 

gate 1150 so tht.t a CPP can roach the rcpc~.ter ring to cycle it one stage per 

addition time, When the ring reaches stagt< ~, the output signal fr01a this 

stage, passing thr.ough point r on the repe.Rt switch, causes gate 62 in the 

transceiver to emit a signal, The signal from 62 opens gate 68 which p<..sses 

a CPP, The resulting pulse resets the trtnsceiver 1 s flip-flop and passes 

through the transmitter a.s a progr:J,l output pulse. The signal from gate 62 

also apens gate K50 so th:,t a CPP p'l.ssing through it clears the repeater ring 

back to st~ge l at the same time as the transceiver is emitting a progr<~ 

~tput pulse. 

4.3. NUMERICAL CIRCUITS 

4:o.3.l. OP.eration nf the nunerical circuits in transr.dtting :a number andfo!j 

• its Complenent. 

• 
When an accumulator is stimulated to transr,dt its contents and/or 

the complement of its cnntents, the lOP are routed siraultaneously to each of 

the 10 decade ring counters of thG accumulator, Each of the lOP cycles the 
to 

counter one stuge, Thus, if the stage corresp,mding 7 is in the abnonnal 
1\ 

state before any of the lOP is received,-~fter receiving one pulse, the stage 
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A and S TRAMSMISSION 

Accumulator stores P 0 000 000 007 - Significant figures sl>itch is set at 10 

ruse Time 9P emitted over A leads 9P emitted over s leads : i.s result of receiving Canment 
Pl.i 10 987 654 321 P"bi 10 987 65 4 321 ' lOP ~cc. registers 

! ! Program input pulse is 
0-17 ' received. 

! 18 
19 

I 1-0 p 1 ill ill llB 
1 1 1 ill ill lll p 2 222 222 229 

*Indicates that decade 
I , 

flip flop is in abnormal ' I * 2 1 1 lll lil ill p 3 333 333 330 state. ' 
3 0 0 000 000 001 1 1 ill ill ilC p 4 444 444 44llf 

0 0 000 000 001 1 - 1 ill lll ilC p 5 555 555 552* 
0 0 000 000 001 1 1 lil 111 11C p b bbb bbb bb3* 
0 0 000 000 001 1 1 lll lil ilO p 7 777 777 774* 
0 0 000 000 001 1 1 ill 111 ilO p 8 888 888 8851f 

8 0 0 000 000 001 1 1 lll 111 ilO p 9 999 999 996* 
-l} -~,a iHH~ -iH}-t'~ 

9 0 0 000 000 001 1 1 111 lil ilO p 0 000 000 007 
l•P ~s ~tted over the 

I lead for units decade 
10 0 0 000 000 COl because s = 10. 
il 

. 12 
Reset pulse resets all 

13 decade flip-flops. 
:u. 
],5 I -
16 I <~ 

I 

17 Program output pulse is transmitted if repeat control is used. Receiver (of non-repeat control) or ~ 
-- transceiver ~of non-re2eat control) is reset. 
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eorresp,)nding to 8 is in the abnormal st:o:.tu, and stage 7 not~ After reeeiving 

10 pulses, the stage correspon!!lng to 7 is in the abnorlll':l sta~a again (See 

Table 4-1), 

Meanwhile tho e.ccumuhtor changes the 9P into digit pulses in 

the following. way: Let d be tho digit st,>red in a given decade counter 

before the receptir>n of any of the lOP, Th(•n aa the lOP are received, 9-d of 

\he 9P pass through gilt<! 2'2 to be emittc;d over a lead of the subtract output 

terminal, Thet one "f the lOP which cycles the deco.de counter from stc.ge 9 

al•o to zoro,,1passf;s through gate 14 and sets the decade flip-flop, With tho 

dEJcade flip-flop in the abnormul st~te gate 22 is closed and 21 open so that 

the subsEJquent d pulses of the 9P group c•re po.ssed ovel' the corresponding decade 

place lead ·>f the add output terminal, The first of th" RP resets the decade 

flip-flop, 

So far in this diseussion mention h~s been made of transmitting 

through tho subtre.ct output terminal tho cnmplement of a number stored in an 

accU!!lUl.:ltor with respect to 9 999 999 999. Conplements with respect to 1010 

are pr.>vided by the accumulator's tro.nsmitting ovor the subtract output lead 

corresp·"Jnding to decade s fr:>m the left (where s is the number ~f significant 

figures stored in the aecumulat."Jr), the 1 1P, 

The transmission ,Jf sign indication is aceomplished in a somewhat 

different manner. The S Md ;,. gates, 16 and 15 respectively, of the PM unit 

are controlled by st9ges P and M respectively of the PM counter, When a 

positive number is stored in !Ul accumuh.tcr which is tr:msmitting, a positive 

voltage fr-:>m stage II holds gate 16 :.1pen so th~t the 9P are emitted :;ver the 

PM lead of the subtract output terminal; no pulses are transmitted ovllr the 

PM lead CJf the add output terminal since gnte 15 is cL>sed. If the sign :>f 

the stored number is Y, g:,te 16 remains closed and 15 is opened so that nu 

P1.! pulses are trcnsmitted thr:>ugh the subtract output terminal, while 9 pulses 



• 
• 

• 

• 
• 

IV- U 

ure transmitted through the !!.dd c..\ltput terr.dnal. 

4,3,2. Operation of _!.he Nunerical Circuit_s_j,_n Receiving a Number 

The digit pulsus roc~ivod through tho 11 input gates (see Sec, 

4,2,1,) are routed sirnultantJously t:: the PM count"r <end th<fl ten decade 

counters, Ee.ch pulse a decr.da c~untur receives cycles it one stuge, The 
sig!J. 

PU cc1unter rocuives zerol\pl.Usus for :. positive number and 9 for a neg;;tive ,. 

number, Each pulse rtJC>Ji v11d by the PM counter cycles it one st.'.ge so that 

tho reccpti•Jn of an even nunber of pulses leaves the PM c:.>unter unchanged 

while the reception of an odd number of pulses has the effect of cycling 

the PM counter to the opposite stagu, 

If a given counter stores the digit d bef:>re reception and p 

(9-d{p~lO) digit pulses .':ore rec11ived, e3rry over t:J.kes place from that 

counter to the next Jne EJt the left (whether tho PM ur a decade counter), 

So colled deleyed carry over t~kes care of such carry-overs which result 

from incoming digit pulses, If a given counter,c, is in stnge 9 and there 

is a carry <Wer fron the c·Junter c-1, then, it is also necessary for carry 

over to take place from counter c t<J C<)Unter c+l, Carry :)vera which result 

from carry ·:lVers in this way are effected by a direct carr;r over process, 

When a given counter is cycled to st .. ge 9, a sic;nal from this 

stage opens g!cte 14 so that the next pulse recciv"d by the decsde (whether 

digit or carry pulse) not only cyclus the counter bock to stage zcru but 

als~ passes thr~ugh gate 14 and sets the dec~de flip-flop (16, 17), In 

delayed carry over, thel decude flip-flop continues to rooumber truct a carry 

over must take place but no furi.her action is t;..ken while the digit puls"s 

(the 9P and the 11 P) are being received, The signal: fr.)m the nonnally negative 

output of the decD.de flip-flop opens gate 18 so th<·t the reset pulse is passed 

(in pulse time 13 ::;f tho addition time cycle), This pulse resc:ts the decade 
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flip-flop and also goes to g~te 20~ Now, in receive programs, the receive 

programming circuits allow the carry clear gate to reach and open gate 20, so 

that the ~ulse from gate 18 passes through to the next decade at the left, 

The need for direct carry over arises after the first reset pulse 

is emitted by the cycling unit (since it is this reset pulse which gives rise 

to the need for direct carry over) so that carry over resulting from carry over 

must be treated differently, The carry pulse which passes through gate 14 goes 

to gate i9, Since the carry clear gate r~~ains on for 7 pulse times, gate 19 

is held open to pass this pulse to the next decade at the left, The carry 

clear gate, as a matter of fact remains on long enough for a carry pulse to 

proceed !rem units decade to the PM counter of 2 interconnected accamulators 

(with a safety factor), Notice, that even in direct carry over, the dec&de 

flip-flop is flipped into the abnormal state, The ~nd reset pulse, which is 

emitted after the carry clear gate goes off, resets the fliP-fl~ in this case 

(see PX-9,...3()6) 

A number may be received in an accumulator so that a digit appearing 

in the i decade of the transmitting unit is received in the i decade of the 

receiving unit by connecting the digit output terminal of the transmitting unit 

to some digit trunk by the standard ca.ble for that purpose, and then connecting 

the same digit trunk to one of the 5 digit input terminals of the receiving 

accumulator by a standard cable, Hewever, if it is desired to receive a number 

transmitted from · decade i of the transmitting unit in decade i + k of the 

receiving accumulator (where k may be either positive or negative), the number 

must be passed through a shifter enroute from the trunsmitting to the receiving 

unit, It is usually most convenient to plug ordinary shifters into a digit 

input terminal of the receiving unit, A number may be shifted to the left 
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TABLE 4-2 

RECEPTION INVOLVING DELAYED CARRY OVER 

Accumulator Stores M 9 832 104 707 nnd Receives P 0 000 000 004 

Pulse Time Accumulator Receives 

PM 10 987 654 321 

' ! 0-1? 
; 

-18 I I 
I 

-19 
I 

o o om ooo 001 1-0 I 

.i--

i 1 0 0 000 000 001 
i 
I 

i i 2 0 0 000 000 001 
I 

"! I 0 0 000 000 001 

L. 

t; 

6 
! ' 
I 7 l 
I 1 

I a i 
I 9 ! I 
I 10 

_!.1 

12 

1"1 " r1 r.nn ooo m n 

11. 

15 

16 

17 

' 

I 

I 

' 
' 
I 
i 

! 

' 

Accumulator Stores 
.i<fter Receiving 

PM 10 987 654 321 

u Q 832 101.. 708 

M 9 832 101.. 7~ 

* M 9 832 101.. 700 

M 9 832 104 701* 

-r 
M 0 R"\2 101. 711 

Canment 

I ' 

I 1 Program input pulse 

i 
' I 
I 

I 
I 

*Decade flip-flop in l 
abnomal state. 

I 

'· 

Reset pulse resets 
decade flip-flop an~ 
causes carrv oulf!e. ·1 

j 
' 1 

I 
I 

Program output pulsel 
emitted if repeat I 
control is used, an~ 
program control is ' 
reset. 
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either by an ordinary shifter plugged into a digit input terminal or by a 

special shifter plugged into a digit output terminal. A number may be shifted. 

to the right only through an ordinary shifter plugged into a digit input term­

inal (see Sec. 11.2) • 

Table 4-2 illustrates the way in which an accumulator receives a 

number and also the delayed carry over process. 

4,3,3~ _§!.atie Conmunication Between an Accumulator a.nd Another ENIAC Unit 

The high-speed multiplier receives its arguments and the printer 

data tQ be printed in ~a.tic form from accumulators. The divider nnd square 

rooter also receives information about tho signs of th~ arguments statically, 

The term static is used to distinguish this kind of communication between an 

accumulator and another unit from the usual dynamic transmission in which an 

accumulator transmits d pulses for the digit d e.nd 0 or 9 pulses for sign P 

or M respectively. 

h unit which receives the static outputs of an accumulator has an 

* array of vacuum tubes corresponding to the flip-flops of the counters in an 

accumul~tor. For example, the ier selectors in the high-speed multiplier 

(see Sec, 5.3) which receive the multiplier from the multiplier accumulator 

statically consist. of a 10 by 10 array of vacuum tubes. Each •of the tubes 

in a column of the array corresponds to one of the flip-flops in a decade 

counter of an accumul~tor; each column in the array, to a decade counter in 

an accumulator. Two standard 55 conductor cables (carried in the static 

cable trough which runs along the tops of the ENIAC units) are used to deliver 

the static outputs of the accumulator which stores tho multiplier to tho ier 

selectors, The normally negative output of the flip-flop representing digit d 

fi'wo double triodus in one <mvelope ara referred to here as 2 tubes, 
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in decade counter c is connected by one of the leads in these cables to the 

corresponding tube in tho ier selectors, Thus, 100 of the 110 leads are used, 

An additional lead in one of the cables goes from the flip-flop for stage M 

in the accumulator's PM counter to a tube in the high-speed multiplier which 

represents sign M of the multiplier, In this way, when flip-flop d of counter 

c is in the abnormal state (because that counter stores the number d) the tube 

in row d and column c of the ier selectors is turned on, The other tubes in 

column c of the ier selectors do not go on, 

l:)imilar connections are made to tubes in the printer from the counters 

of accumulators which store data for printing (see Sec, 9 ,4), In some cases data 

is printed from only 5 decades and the PM of an accumulator so that only 1 cable 

connects such an accumulator to corresponding tubes in tho printer, The master 

programmer also has decade counters which are similar in some respects to the 

decade counters of an accumulator (see Sec, 10,2,). Those, too, can be connected • 

statically to the printer, 

In the case of the divider and square rooter only sign indication 

is communicated statically from the accumulators which store the numerator (or 

radicand) and denominator. 

The length of time required for the inform~tion stored in an accumu­

lator to be communicated in static form to another unit depends on the length 

of the leads from tho accumul~tor to the unit, Approximately an addition time 

is required to turn on the tubes in the high-speed multiplier and in the 

divider and square rooter because the accumulators static~lly connected to 

these units are near them, A somewhat longer time is required in the case of 

the printer, 
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4, 4, USE OF .i\CCUl!UL..'-TORS FOR FElVER TIL.N OR MORE THi.N TEN DIGITS 

4.4.1. Use of an J<ccumulator to Stor.;~ Two Numbers 

In some problems it rn<<y be desirable to put emphasis on the number 

of different numbers which can be stored in accumulators so th~t they will be 

readily available for computations rather than on the number of significant 

figures carried in the computation, While the o.caumuJ.ator has been designed 

to handle 10 digit numbers, it is possible to store in an accumulator two -
numbers with the s~ne sign if their combined number of digits is 10 or fewer 

or with different signs if their combined number of digits is fewer than 10, 

In the first case the PM counter is used for the common sign, In the second 

case, one of the decade counters is used as a PM counter for the purpose of 

registering sign indication for one of the numbers with stage 0 representing 

sign P and stage 9, sign M, 

\Vhen the numbers ure transmitted to other units for computational 

purposes, they can be isolated from one another by the use of special deleters, 

adaptors, and/or shifters, It is to be noted, however, that if subtractive 

transmission takes place from an accumulator storing two numbers, only one of 

the numb.:Jrs will be ~- correct tens complement since the other will lack the 11 P 

needed to make such a complement. 

·•n example involving the use of a.n accumulator to store two differ..Jnt 

numbers simultaneously is given in the illustrative problem of Sec, B.?. 

4.4.2. Interconnection of Two Accwnult\tors to Form 9. Twenty Decade i.ccumulator 

Another option av1ilable to the operator is whether an accumulator 

is to be used alone as a 10 decade accumulator ~ith 12 program controls or as 
20 
~\~ecade accumulator with controls for 24 progPums, This option results from 

the fact the.t certain of the a.ccumulatorls circuits have been left open at the 
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accumulator's interconnector terminals (indicated on PX-5-304 by the 

syrnbol---1-~C:r--1. The circuits so treated include the receive, transmit, 

clear, and pick up the l'P circuits,and the input to units decade and the 

carry over input to the PM counter from decade 10, By special connections 

of the accumulator's interconnector terminals (I.. I I and I on 
Ll' L2, Rl, R2 

PX·5-301), these circuits are closed in one way to make the accumulator 

function as a 10 decade occumulator and in a different way to interconnect 

two accumulators so thr,t they form a 20 decade accumulator, 

If a single accumul::tor is used as a 10 decc.de accumulc.tor, the 

following interconnections must be made: 

(a) verticD.l interconnect or cable must be plugged from 

interconnoctor termin~l I
11 

to I
12 

(b) load box must be placed at intcrconnector terminal IR
1

, 

If two accumul;;.tors U and U 1 (where U is assumed to be the left 

hand accumulator) are to be used as a 20 decade accUJaulator, the required 

interconnections are: 

(a) vertical intcrconnector C>.'.ble from I 1 to I
1 1 2 

(b) 

(c) 

horizontal intcrconncctor cables from IR to I• 1 and 
1 1 

from IR
2 

t.o I•
12 

load box at l' ~ 
Rl 

The significant figures switch of the left hand accumulator should 

be set to 10 and in the right hand accumuhtor to s' where 0 ~ s' ~10 if 

10 + s' significant figurtlS ,.,re desired, If fewer than 10 significant figures 

are desired, the left hand switch is set to this nlimber ~.nd the right hand 
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switch to 10, 

For a given program only l program control is used, In reception, 

each accumulator receives its ten digits over one of its 5 digit input terminals, 

If the standard jumper cable for interconnecting acc~~ulators is used, each 

accumulator receives its 10 digits through the digit input ter~U.na.l on its 

front panel bearing the same designation (a.-E) as the setting of the operation 

switch used to program the reception, Each accumul&tor transmits its digit 

output through its own digit output terminals, In the transmission of 

complem~;nts the 1 1 pulse is emitted over the dece..de pbce lec.d of the last 

significant figure being ret'l.ined, The 20 decade accur.J.ulator clears to zero 

in all dec~des except-possibly one where clearing is ~o ), Clearing is to 

zero in Rll decades if both sand s 1 are 10, In''receive -C"programs, the l' 

pulse is· put into the 20th decnde from the left, 

M~re th'''n 2 accumubtors should not be interconnected with one 

another as described abov., since the carry clear gate does not last long 

enough to provide safely for direct c:L.rry over across moN than 20 dec;;.desa 

cont:i:al nor are the progNwi\.lllll!:ers do signed to oper~cte more thc.n 2 accumulators. 

4,5, ILLUSTR:.TIVE PHOBLEMS 

Matters relevant to setting up accumulators for certain specific 

purposes will be discussed in the following pages, Sec, 4.5.1, illustrates 

the set-up for a very simple computation involving only accUJaulators • 

.Sec, 4.5.2. treats of the use of dumny programs, e.nd Sec, 4,5,3, deals with 

the use of accumulators for magnitude discrimination programs, Examples of 

the use of accumule.tors in conjunction with other El'."'hC units are found at 

the end of Chapters VI - IX. 

The CXP4nples will be described with the aid of set-up tables and 
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set-up diagrams, The set-up table is designed to give a co~rehensive plan 

of the computation showing the programs the units will ~erform and their 

numerical contents at various addition times in the computation, The set-

up diagrams show the cable connections which must be made between the units 

and progror:1 or digit t-rays to carry out the computations and also indicate 

the settings of switches which are parts of the common progremming circuits, 

ThP- eet-up tables are given with addition times as the independent 

variable, h. double column is devoted to each unit, In the left h~d half the 

program is de~r.riberc; in the right hand half, the contents of the unit as a 

result of the program are shown, For accumulator programs, symbols appear on 

three levels, e,g, 

l-8 0""" 
~~ c 1 

i-9 

The symbols h~.ve the following int.,rpretatj r:ms: 

@ 
0 0 1 

l-10 1-11 

(1) Q) at tha upper right of the first level indicatos the.t the 

progr~m is set-up on program control i 

(2) j-k designc.tes n progr.'IU pulse with j representing the tray o.nd 

k the line in the tray on which the program oulse is carried, 

., progr'llll input pulse which occurs, say, at pulse tir.1e 17 ( CPP 

time) of addition time 0, is writ~en at the left on the first 

level of the addition tim•? :r. Ullll. _A p!!ogram input pulse which 

is derived from a digit pulse so thL•.t it occurs, not at CPP time, 

but at some other tine in the addition time cycle, let us say 

pulse time 5 of addition tim~ 1, is written at the left of the 

third level on the line corresponding to addition time l, A 

program output pulse is always written at the right of level 
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three, !.n arrow ending on the additiml time line in which 

the program is completed e.nd program output pulse is trans-

mitted intervenes between level 2 nnd level :3 for programs 

lasting more th?..n one .'J.ddition time, In such cases, the 

program output pulse is written at the right of the arrow 

tip on the line for tho addition time at the end of which 

th@ program is complet~d and the program output pulse is 

transmitted, 

(:3) The symbols in the second level represent the settings of 

the opetr·.tion, cle<.r-corr'ect, and repeat switches reading 

from left to right. 

Thus, the illustrative group of symbols abov.; at the left, has 

the following meaning: A program pulse (derived from a CPP) v;hich is pj.cked 

up fron line 8 in program tray 1 stir.tulrttes program control 5 to cause the 

accwnul<•.tor to trr..nsnit additively one t:il!le and then to clear, Upon completion 

of the progran, a program output pulse is emitted to line 9 in program tray l, 

On sor.1" occ~.sions, as notod above, digit pulses will be used in lieu 

of program pulses, ;,. program in which such 'c. digit pulse is generated might 

be written as in the sample below, 

2-J ® 
.b__Q_J,_ 

I 
n(3) to\ 
l-5 I 

---~-~1 

2-4 

This group of symbols describas the following progr&J: The program pulse 

delivered to the progrrun input terminal of control 8 causes the accumulator 

to tre.nsmit additively once without clearing, The digit pulses carried on 

the add output lead for decade plr:c{1 :3 o.rc delivered to line 5 of program tr~.y l, 
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The program output pulse fro~ control 8 is carried on line 4 of program tray 2. 

The symbol - in the contents column is used to indicate that 

an accumul·,tor is cleared. It is always written on the line corresponding to 

the addition time at the end of which cle:2ring takes place • 

The conventions on the set-up figures for accumulators are described 

in Figure 4-1. 

4.5.1. Computation in hccumulators 

The computation described here consists of generatins n, n2, t.nd n3 

rt'lspectively in n.ccumulators 6, 7, and 8. It is desired to terminate tho 

computation when n3 ~ 9 000 000 000. 

The b.~sio co~putv.tion which is rE;pcP.ted until the lim,it specified on 

n3 is reached is ~rrivod at inductivGly. Assuming that n, n2, and n3 are stored 

"in accumulators 6, 7, and 8 respectively we can proceed to (n+l)3 and (n+l)2 

by ndding 3n2, 3n, and then 1 to n3 3nd by adding 2n and then 1 to n2 (see 

Table 4-3), 

To terminate the comput~,tion at the desired point we make use of the 

fact thnt the complement of 9 in a decade place other than that of the extreme 

right hand significmJ.t figure is zero. Now, we stimulate repetition of the 

computing cycle each time by the progr~ output pulse of a dummy program con­

trol whose program input pulse is ~rived from the digit pulse or pulses on 

the subtract output lee.d for decade 10 of accumulator 8. ;',s long as the digit 

in the lOth decade is different from 9, this control receives and therefore, 

t.ransmits a program output pulse which stimulates the iteration. When 9 appears 

in the lOth decade, this durr:ty program control receiv<:s ''nd, therefore, emits 

no program output pulse so thr.'t the computation is termin<>ted, 

The question as to why the S digit output of the lOth decade is 
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SET-UP Ti,BLE FOR GJNER.r.TING n, n2, n3 

Computation is terminated when n3 .~ 9 000 000 000 

~t ' ,·.
1
.

1 
I 

~?~L · i1.ccumulator ;;_ J..ccur.tuLltt"1r !i hccumultlt~r . 

IV- 26 

Time ' ·. No. 6 , No. 7 Jl No. 8 I 
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c\elivered to a program control which d:>Gs nothing but tr;.nsmit a program 

output pulse instead of being delivured to one of the controls used for com­

puting r.w.y be raised r,t this point. The :mswer lies in tho fact that the 

digit pulses do not begin to poul• out of the S output termin!!J. untU pulse 

tine 1 in the addi.tion time; c:.•<'le, This would metm that a computing program 

initiated by a digit pulce would 3ta-t 9.ftor at least one of the lOP and one 

of the 9P hD.d been emit ted by the cy'lling unit, · Sinco the sa pulses plny a 

vital role in com;ou.t·tng progr1J!IS, such progr:\!:15 must ba in:ttiated before ~he 

digit pulses ar<J emitted. For this reason digit pulses may be used to initiate 

conputinr, programs only under cert~~n restricted conditions. Instead digit 

pulses shc.>uld b(l converted into a true program pulse through the use of a 

dw:uny progr~11ll (see Sec, 4.5.2.) and the camputing progrw-n can th;;n be initiated 

by the progrOOt pulse which results from the dummy program. 

4. 5 • 2, Dur.lm.y Progra;!ls 

" dur:'ll'IY program is defined as one in which the oper<ction and clear­

correct switches are set e.t 0 and the. repeat switch nt r where l~r ~9. Dummy 

progrums o.re eJ.ways set-up rm rE:peat pr::>gr~Jll controls, The dummy progra.m he.s 

at lee.st 3 important functions: 1) conversion of digit pulses into program 

pulses, 2) delay of u progrNl pulse, and J) isolation of progrruns from one 

anuther. 

The discussion in Sec. 4,5,1, regarding use 1) may be a~'rized as 

follows: To ensuru thct units receive all c>f the pulses needed for arittunetic 

oper<:tions, CO!:lputatic>nal programs must usually be initiated by program pulses 

occuring at the time of the CPP. Where the stimulation of subsequent programs 

depends m digit pulses, tho digit pulses should be converted into a program 

pulse by being brought to a. dUJlll.y program control. The program output pulse 
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• from the dUIIIIIY program control can then be used to stimultite computing programs. 

The need for the second contribution (delay) of dummy programs becomes 

apparent in setting up a fairly complicated problem in which a number of programs 

are carried out in parallel. As an example of this need, the r(oader is referred 

... to the illustrative problem of Sec. 8.7. 

Suppose that at some point in a computation one program pulse is 

a.vailPble to stimulate a multiplier program control and also to stimulate the 

trcmsmission of the arguments for the multiplication program. Let us auppose 

further that the same multiplier program control is to be stimulated at some 

later time but that the arguments fo:r the multiplication program, this time, 

are to be obtained in a different way. Obviously, the program p~se that stimu-

lates transmission of the arguments must be isolated from the pulse that stimulates 

the multiplier program control for, otherwise, the units which transmit the 

... arguments for the first multiplication cannot be suppressed from transmitting 

when the second multiplication program takes place. 

The desired isolation can be provided for through the use of dummy 

programs in the manner suggested in Figure 4-3. The lines which carry program 

pulses have been labelled with program tray and line numbers for illustrative 

purposes. 

4.5.3. Magnitude Discrimination Programs 

As mentioned in the opening paragraphs of this chapter, the ENIAC 

is capable of discriminating between program sequences by examining the 

... magnitude of some numerical result. In this section one possible method of 

• 
carrying out such a magnitude discrimination program in an accumulator is 

discussed. 

Let us assume that the critical quantity upon whose r.1agnitude the 

choice of subsequent programs dFJpends is 1- so that when x ( b, program P1 is 
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to be stimulated and that when x ~ b, program P2 is to be stimulated, The 

magnitude discrimination program is possible because 9 digit pulses are trans-

mitted for sign indication M and none for sigrt indication P • 

Let us form the quantity x-b in some accumulator, Then, using a 

special adapter, connect the PM lead of the ~ output terminal of this accwnu-

later to the program pulse input te~nal of one dur.~ program control and the 

PM lead of the S output terminal to the program pulse input terminal of a second 

dur~ program control as indicated on the schematic diagram of Figure 4-4. 

Obviously when xc(b, a p0sitive number is emitted over the S terminal 

and a negative over the ~ terminal so the,t only dummy program control 1 is 

stimulated to emit a program pulse, Similarly, when x) b, the number emitted 

over the A terminal is positive and that over the S terminal, negative so that 

only d~ program control 2 is stinulated to emit a program pulse, 

Even though both the number zero and its complement are represented 

in the ENIAC by P 0 000 000 000, the case x c b (or x- b • 0) c~ still be 

treated in the same way as x > b (or x- b ) 0), For recall, when a positive 

number is transmitted from an accumulate~, the h output gate of the PM counter 

recains closed and the S gate upens to allow the 9P to pass to the Fd lead of 

the S output terminal,* These 9P received at the program pulse input terminal 

of d~ program control 2 cause the emission of a program output pulse to 

stimulate P2 • 

*Notice that when an accumulator which stores zero transmits subtractively to a 
second accumul~tor, this second accumulator receives, at first, M 9 999 999 999, 

. Later, in the pulse time of the. l'P, the transmitting accumulator emits this 
pulse so that tho receiving accumulator then stores P 0 000 000 000 after 
direct carry over proceeding from units decade to the PM cuunter has taken 
place, 
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In a problem in which accumulators are not urgently needed for 

storage or computational purposes, this set-up of a magnitude discrimination 

program is satisfactory. However, in general, this method has the disadvantage 

that no numerical programs other than one magnitude discrimination program can 

be carried :lut in an accumulator so set up, since both digit output terminals 

of the accumul~.tor are completely assaciated with the magnitude discrimination 

program. The same magnitude discrimination can be effected without completqly 

tying up either digit output terminal of an accumulator ·ir the master programm'3r 

is used. a magnitude discrimination program involving the master program is 

described in Sec. 10.6.2. of the t:~a.ster programmer chapter • 
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V HIGH-SPEED MULTIPLIER 

The high-speed r.~ultiplier finds the product of a d•;ned mu.Uiplic<•n·l . . 

with as IJIJ.llY as 10 digits by a signed multiplier of p digits (p ~10) in p+4 

addition times. This high-speed is possible because produr:ts are obtained 

through the use of a multiplication table rather than hy repeated addition, 

Not only does the high-speed multiplier find products, but it also 

has facilities for controllir1g certain programming features in accwnulators 

associated with it: 1) It c.m instruct· the argument accumulators to receive 

and clear or not clear at the end of the multiplication; 2) It can signal 

the final product accumulator to dispose of the product; 3) It delivers to 

associated accumulators programr.dng signe.ls used in the oultiplication process, 

The following topics will b~ discussed in this chapter: Sec, 5,1, 

progrhm controls; Sec, 5,2, common programming circuits; Sec. 5.3, numerical 

circuits; Sec, 5,4, Interrelation of high-speed multiplier and associated 

:.ccumulators; Sec. 5,5, illustrt.tive problem set-ups, Reference will be made 

to the following diagrams: 

Front View 

Front PDnels 

Block Diagr~ 

Interconnection of 
High-Speed Multi­
plier with hssoci­
ated ~ccumulators 

PX-6-309 

PX-6-302, 303, and 304 

PX-6-308 

PX-6-311 

The high-speed Clultiplier operates in conjunction with 4 or, 

posaibly, 6 accumulators, Two acclll'lulators, the ier (Ciultiplier) and icand 
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(multiplicand) accumulators, store the ~guments, The accumulators used for 

this purpose have tho static outputs of their counters connected to the 

multiplier. l>lso, the !'!.!-clear unit is st"'tically connected to the multiplier 

so that these accumulators can be cleared by a signal from the multiplier at 

the end of a multiplication program and so that the high-speed multiplier may 

t~.ke proper cognizance of the signs. If products having 8 or fewer significant 

figures are required, two a.ccumulators are used for storing the products which 

the multiplier emits in pulse form through the digit output terminc~ls on 

panel 3. These accumulators are referred to as the LHPP (left h~d partial 

products) and RHPP (right hand pe.rtial products) accumulators. Where products 

of more than 8 significant figures are desired, a pair of interconnected accumu­

lators may be used as th~ LHPP accumulator and another pair as the RHPP accumu­

lator, The role of the LHPP and RHPP accumulators will be discussed in greater 

detail below, Either the LHPP or RHPP accumulator may be used as the final 

product (FP) accumulator, 

The high-speed multiplier has 24 program controls (8 on each of its 

3 panels) on which can be set up 24 essenthlly different multiplication pro­

grams. In a problem in which there are more than 24 basic multiplications, 

each multiplier control can be used on a number of different occasions with 

the aid of the master ~rogrammer or sequences of dummy programs, 

Each program control consists of a transceiver with program pulse 

input and output terminals, multiplier and multiplicand accumulator receive 

switches, multiplier and multiplicand accumulator elear switches, a significant 

figures switch, a multiplier places switch, and ~- product disposal switch, The 

argument accumulator receive switches enable the operator to specify the digit 

input terminals through which tho ier and icand accumulators shall receive their 
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nrguuonts for " given proP,rr.n, The si"nific8.nt firurus switch setting 

d.etcrrninEJs into which d.ecc.cle pla.cc of tho LHPP five round off pulses ~·.ro trans­

m i t.t e d for n r;iven pro;;r~r.1. Tho set tin.:: of th~ plncus switch determines how 

n•.ny of the uultiplicr 1 s di1~its a.ro used for th.:. pror;r:·•r.l Dnd, therefor", how 

lon11 the nultiplic<~tion t<•kes ( S"" below o.ncl Sec. 5 .2.). Instructions for the 

trn.nsr.lissLm of the product frou th10 finc·l pr0duct <·ccUJ:lul:ctor c;:,.n be set up 

on th<.; •msv;er dispos('l svlitch. 

· Tho 24 progr·'ll:l controls opor2.te the common progr~~:u-.ling circuits 

which include a 14 sb•:;c progr<JJ:t ring with ::>.ssoci•.:·tcd e~<tos, invurtors :,nd 

buffers, tho ier accumulr"tor :.nd ic .. nd &.ccU!!lul··tor receive circuits with 

progrr·n pulse output tcrr.lin:·ls Ra-Re; ".nd. Dct-De on front !Jc.n<.l 1, a.rgur.wnt 

accUJ:lulator clu1•.r circuits, th· ... nr'lduct dispos1:'.l circuit with progr.<u pulse 

output terrlin:.ls "' S, •• , , ASC on front p••nol 3, ~nd th-.; ~.rr;u:.wnt accumulc.tor 

clear circuits. 

Th<- pNgrc•m rinr with its .. ,ss"cbtcd. tubes cL>cks the pror;rcss of 

uultiplicati::>n progr~·;as. G8.tes "'47 •md --'46 which r·dnit the l'P 'ind 4P arc 

the round off g: .. tcs. Grctcs B'-K 146 opcr·:te: in c.Jnjunction with thu places 

switch to teminatc the pro:;rc"r.l when the specified nlll:lbcr of pl.:cccs of the 

ier have been used and, in conjunction with g~.tc F'48, to clEJQr tho ring to 

st'.1Ele 13 nt this tine, The progr1:r1 rin,,, ultir.!?.tely, .2lso controls a circuit 

for c·~rrectinr, prortucts if either or both nf the 1•rcw~cmts nroJ ne,.;:''tive (soc 

discussion bolow), th.:J 1 Bnd r receiver circuits which enit static sii'nals 

to progr;\n the ry•·rtiD.l pr<:~ducts to.ccunul''t::>rs t.J receive, the circuit which 

crlits the F pulse t" stiT.lulc-,te thu C'>lloctbn of the p:.rtial products in the 

finnl product B.ccw:mLt 'Jr, a.nd the reset circuits for the pror:;rJH controls • 
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• The outputs of stages 3 thr~ugh 12, by mbans of the buffer tubes 

B'~' 42, control the high-speed multiplier's numerical circuits so that 

multiplication by each digit of the ier takes place successively, 

The numerical circuits consist of the multiplier selector gates, 

• the multiplication table, the codine gates which pass the 1, 2, 21 , and 4P, 

the multiplicand selactor gates and the shifters, The multiplication table 

stores the products of numbers between 1 and 9 by numbers between 0 and 9 

by means of a. resistance matrix, The table actuP.lly consists of 2 tables, 

thP. tens and units tables, used for storing the tens and units digits of 

these products respectively, For example, the multiplication table remembers 

the product of 4 x 9 by storing 3 in the tens table and 6 in the units table, 

The ier selector tubes arc set up by the static outputs of the 

ier accumulator counters, Each column in this array of tubes is dedicated 

• to 1 decade place <>f the ier; each row, to one of the digits between 0 and 9 • 

When the prog~am rin~ signals for multiplication by the ier digit in a partie-

ular decade place, the activated ier selector gate for that decade plb.ce emits 

a signal to the multiplication ta.bles, 

St<•tic signa:ls for the Products of all digits between 1 and 9 by 

the particular ier digit are emitted from the multiplication table and converted 

into pulse form at th~ coding gates, The products from the tens and units 

tables respectively then go to the left and right hand sets of multiplicand 

selector gates, These gates r.re set up by the static outputs of the ica.nd 

• accumulator so that only the products appropriate to the digits of the icand 

are allowed to pass, 
• 

These partial products then go to the left and right hand ahlltors, 

Each set of shifters consists of a 10 by 10 array of ga.tes. The gates on each 

• 



• 
• 

• 

• 
• 

v - 5 

row are controlled by one stage of the program ring and the outputs of the 

gates arc connected diagonally so that products are shifted successively one 

place to tha right as multiplication by the ier digits progresses from left 

to right. The products are eoitted from the 4 digit output terminals on panel 

3 of the high-speed multiplier with those from the tens table being emitted 

by the terminals LH partial products ~ccumulators I and II and those from the 

units table, by the terminals RH product accumulators I and II, The terminals 

identified by II and I respectively take care of the digits for decade places 

100- 109 and 1alO- lol9, 

Notice, that the high-speed multiplier transmits only the digits of 

the product but not the sign, For positive arguments, this results immediately 

in the correct signed product, If either or both of the arguments are negative, 

certain correction terms are needed to produce the correct signed products, 

From Table 5-l in which the correction terms for the v~~ious cases are tabulated, 

i'i can be seen that whenever an a.rgument is negative, the product obtained from 

the multiplication tables must be corrected by 1010 times the complement of 

the other argument, In the case where both arguments art.l negative, moreover, 

the sign of the product must be corrected, The progrrnnrning circuits (see 

Sec. 5,2,) provide f,)r the last correction by causing the l'P to be transmitted 

over the PM lead of the di[;it output terminal RH product accumulator I. The 

programming circuits provide for the other corrections by causing the emission 

of program output pulses at the RS and/or DS output terminals, The operator 

must interconnect the multiplier with its associated accumulators so that 

these pulses stimulate the corrections to take place (see PX-6-311 and Sec, 

5.4.) • 



• • • • • 
T.>BLE 5-l 

CORRECTION TERMS FOR NEG.~TIVE IER ..:..till/OR IC.,liD. 
R and D represent the absolute values or the ier end icand respectively. 

i Case l casu 2 C£,s& 3 
Iar positive Ier neGative Ier ~nd Iccmcl both 
Ic:md negative Ico.nd P·Jsitivc negative 

- ---· 

ier p + (R) kl + (lo10 - R) l~I + (lolO - R) 

icand ll + (1010 _ D) P + (D) M + (1010 - D) 

Product obtained fr·:>m 

II P + (1010 D - RD) 
P+lo20 + (RD - 10l0R ~lol0o) 

multiplication t~blas P • (1010 P. - RD) ---.··-
= Ivi + (RD - l0

10
R -lo10n) 

Con oc..:i.vn tern needed M + 10
10 

(1010 -·R) M + 1010 (lol0 ~ D) E + [P +. lOlO(R)) + [P+· 1010(Di] 

-
20 

(10
20 

- RD) 
.. 

Correct signt>d product 11 + (10 .- RD) 1i + p + (RD) 

< 
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To summarize th'' discussion of the previous pages, l!lultiplication 

of a 10 or fewer digit ic>md by <• p digit ier required p + 4 addition times, 

These addition times 1'1r8 ·.1s3d fo:c the following purposes: 

1. rece-ption o? a· gu~t.entw 

2. setting ur- ,,f cclt·rt''r 'vlJba~ JI,d rcur.d off in LHPP accumulator 

3.} • obtainin!"' ~-~.0 !''·.rt,ia:L p•·odacts (Ic~.nd)x (1 digit of the ier) 
• succe,sivel;• for +.}-,." ;, d!.r·:.ts rf i"h;; ior . 

") p+2. 

p+J, cJrrectiDg pr:)duct.s it! c.3.se either one or both of the arguments 
are ncga .. ~i.,:~ 

p+4, collectir.g thz p~rtial products so as to form the final product 
and clearing of the argument accumub.tors. 

Tables 5-2 and .5-3 offer examples illustrating the operation of the high•speed 

multiplier, Although either the LHPP or RHPP accumulator can be used for fo~ 

ing the final product, we assur.c here, as in PX-6-311, that the RHPP accumulator 

is used tor this purpose, 

5 ,1, PROGRJ.AI CONTROLS 

Each of the high-speed multiplier's 24 progr~a controls consists 

of n transceiver with program pulse input a,nd output terminals, argument 

accumulator receive switches and clear switches, a significru1t figures switch, 

a places switch, and a product disposal switch, Neons correlated with the 

trnnsceivers are shown on PX-6-309. 

5 ,1.1. The ~lultiplitlr and Multiplicand ..:..ccumulat"r Receive Switches 

Each of the argument accumulator receive switches has the positions 

~. ~. y, S, &, and o. hssociated with the points ~-& on the switch for the ier 

accumulators a.re thu program pulse output terminals Ro.-R& and, for the icand 
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T.kBLE 5-2 

l!ULTIPLIC •. TI0;~ OF 1:1 8 198 630 400 by P 2 BOO 000 000 

Description of Prog:-Jm: 1iu::. + inlJ ~.(:ru;d by 2 plr.ces of the ier 
R.v~Hlci answer off to 8 plc.1.c·3s . 
CJ..el'lr : . .z,... '.:.~d ~.cvnd :J.CI'!Uf:'lu~c¥tors after rnultiplice.ti·Jn 
·rran.:mlit prvch.lct from finhl product accumulator 

• • 

Ier :~~~:;-ettoo=-y k7lct ~f~;~~r,;r,;;·--~~-~ecef~== :-ccunul.i~to~t~~~s after j RJ:;·~e~~~v~: ,,cc~au~~~~~s (~~ter 
-:, ~ , r-e::""lVJ..ng I : receiving ,. 

P'.A 10 987 654 3:21 !' Ri 10 937 654 32::. I PI.I lO 987 654 321J R.l 10 987 654 321 I P".I 10 9€7 654 3211 p;,; 10 98( 654 321 

p 2 BOO oco 000 l! 8 19B 630 400 : "' B l9B 630 400 ! --- I - I ! 
I 

(! 0 000 000 050 i p 0 000 000 050 

1 011 100 (J!.X) 
i I 3 I 

I I ,. 
I 

p lJ.t)l)ll 100 05 Cl ! 0 1'-2il 626 C80 I p 0 628 626 080 I 
+--·+---------u--------+--·-------4--------t---. ---- ----+---- I 
!---+--------4---------_j_o 6o7 "' 030 _' 1 '"' 742 No I o"" ~.s ''"P' 874 ''"! I 4 I I 
I ; 
! ,, 
i 5 

,, 
;I 

i ,; 

l 6 
""-"'- ..... Q ..... . _ ..... ....._ 

I 

jo-.-t-----------#--------~1 ., 200 =- ~~:"' 742 ooo i I ! 
i I M 8 818 742 000 I M 9 495 616 5621 

Procr~ output pulse and product disposal signal are ~~tted. 

Product is transmitted fro.n product accllr.lulator. ~ ,. 
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Multiplication of M 8 198 630 400 byM 2 BOO 000 000 

Description of Program: Multiply icand by 3 pl1ces of ier 
Do not round answer off 
Cl6ar icr and icand ac<:UI!llllcctors 
Ret&in pr,>duct in final product accumulator 

Ier accumulator ' Icand accumulator' LHPP .-ccumulr,tor (I) I 
stores ' stores Receives ' Stores after 

I I i 
1"'\3Cel.vl.ng ' 

~ 10 'J87 654 321 I PM 10 987 654 321 JPM 1o 987 654 32l·j ~~ 1o 987 6~~ 221 --- - I ' 
ll 2 8LO 000 000 M 8 198 630 400 .. 

! ' 
i i 

I I 
1 Oil 100 OJO I p 1 011 100 000 

o 6oz 642 030 I P 1 618 742 03o 

0 000 000 GJO I p 1 618 742 030 

I 

RHPP end FP .-ccumulator liJ 
R(;cuives • St Jres after 

' rf>cciving ! 

I a; 10 98., 
. 1 

654 221 j P'M 10 987.JD4 321 
I 

I ! 

l 
! 

o 628 626 08o I p 0 628 626 080 

I 
0 048 248 402 i p 0 676 874 482 

o ooo ooo ooo I p 0 676 874 482 
1'.>' J ooo ooo coo I M 0 676 874 482 

I ! 
i p 7 200 000 000 I p 8 818 742 030 i p 1 801 369 600 Jc: 2 478 244 082 

·- I I P 8 818 742 Q30 p 1 296 986 ll2 

Program output pulse is tr~nsmitted 

< 
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accuculator, ~-De, If one of these switches is set at a receive point, a 

program pulse received on a program input terrnine.l is r<!!t.r•mJJO.itt~d t!:rcu;;lr 

the corresponding terminal Ba-Re or Da-De when the program control of which 

the switch is a part is stimulated, The oper£•.tor sets up program eontrols 

on argument accwnulators so that a pulse transmitted in this way will caiN!e 

reception to take place as specified (see PX-6-311 end Sec, 5.4.), 

The argument accumulator receive switches have been provided in order 

to simplify the programming of multiplications, Once the connections between 

some or all .:of the terminals Rtt-Re, ~-De and the argument accwnulators are 

made and switches have been set up accordingly on the argument accumulators, 

the operatur does n0t need to pr•wirlc the argument e.cclll7\ulators with a 

separate program pulse to stir.tulete them to receive whenever a multiplication 

is to take place, The one progr~ pulse which stimulates the performance of 

the multiplication also stimul~tes the reception of the arguments provided that 

* they can b•.>th be received cluring the first addition time of the multipliCa~ion, 

If an argument accumulator receive switch is· set at 0, no pulse 

to stimulate reception of the corresponding argument i~ transmitted, The 

setting 0 is used for multiplicat:l.on programs in which the argument is held 

over from the previous program (see Sec, 5.1.2.) or in programs in which it 

is desirable to stimulate the argument accumul9tor independently to receive 

its argument • 

*If,.for example, both the ior and icand are received directly from the constan~ 
transmitter, the r.rgument accumulat,1rs cannot b:;th receive their arguments in 
the same addition time because the C'>nSt8nt tr<>nsrJitter tr•:nsr.U.ts but one 
nuriber in an addition tin~ • 
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5,1.2. ~lultiplier 2J'ld Multiplicand :.ccumul:t:.>r Clear Switches 

Clear circuits in the high-speed multiplier are connected to the 

PM-clear units of the ier and icand 2.ccumulators. If an argument accumulator 

clear switch is set at C, the high-speed multiplier's clear circuits emit a 

clear signal towards the end of additiJn time p+4 which causes the correspond-

ing argument accumule.tor to clear. In programs for which a clear switch is 

set at 0, no clear signal is transmitted to the correspon~~ng accumulator, 

5.1.3. The Significant Figures Switch 

The setting of the siGnificent figures switch determines to which 

decade place of the LHPP uccumulator 5 pulses for round off are transmitted, 

If this switch is set at 2 ~ e ~9, the five round off pulses arc sent to decade 

10-li of LHPP accumulat.Jr I. Fc>r s=lO, thr; round off pulses are scnt to decade 

* 10 ;;.f LHPP accu.'!lllla.t Jr II. No r.JUnd :Jff pulses are emit ted in a. progrc..m for 

which the sie;nifican.t figures switch is set at 11off 11 • 

The significant figures switch provides greater flexibility in the 

round off opti•:ms for the 24 programs then would be possiblll if the only round 

off control available were the significant figures switch on tho final product 

accumu~t,>r, If, however, the round :Jff requirements on all multiplication 

programs are the same, the significant figures switches of the multiplier 

progr9111 controls ce.n be set at off and the significent figures switch on the 

finr..l product accumulator can be set :1ppropriately. 

Notici.'! that the settinp, of thB significant figures switch of a 

multiplier program c:.mtrol does not cause the final pr-~duct accumulntor to 

emit the l'P (needed for a complem~nt with respect t~ 10
10

) when the product 

is disposed of subtractively. Whether or not this pulse is put in, and the 

*Unless 2 pairs of interconnected accumulators ,'1.re used to receive the partial 
products,~round off pulses emitted for s=lO are lost, 
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decade in which it is put, cl.epend en the setting of the significant figures 

switch on the final product accumulator (sec Sec, 4,1,4,), If a product 

is disposed of subtracti voly in such a. way that the l' P is not transmitted 

by tho final product accumul<ltor, the 1 1 P can b•J put in at the receiving 

accumulator (sue Sec. 4.1. 2,) • 

5,1,4, Places Switches 

If the places switch of a pr•)p,ram control is set at p (where :: 

2 ~ p~ 10), the high-speed multiplier multiplies the entire icand by the p 

left ho.nd di~its of the icr whenever this program control is used. Such a 

progran lasts p+4 addition times end a prop,ran output pulse is emitted by the 

transceiver p+4 addition times ~fter the reception of the program input pulse, 

5,1,5, Product Disposal Switch 

The points .. , ;,s, , ,. , il.SC on the product disposal switch together 

with the program pulse output terminals R., s, ,,,, hSC at the left of panel 3 

of the high-speed multipli~r make it possible for this unit tJ direct the 

transr.dssion of the product from the final product accumulo.tor, 

At the end of addition time p+4 when the high-speed multiplier 

program ·control ur.dts a program output pulse, a pulse is also emitted froll 

the terminal ''• S, ... , 
disposal switch is sot, 

or .:..sc corresponding to the point at which the product 

The product disposal program pulse output ter&unals 

which ·!l.I"e usee\ shoull1 be conn.~ctcd to progran pulse input terminals on the 

final product accumulat·.ir (set: PX-6-311), If a product disposal switch of 

a given progr:llll control is set at 0, the hi~h-sp~ed multiplier does not emit 

a. product disposal pulse when this pr0F;rarn C·~ntrol is used, 

The prograr.t switches on the final prc;duct accumulator may, but 

need not necessarily, be set so [lS to correspond to the labelling of the 

________________________________________ _j 
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product disposal terminal from which the stimulating pulse comes, For example, 

if in a given prop,ram it is conv•Jnicmt to dispose of s~ .. r.1e product subtractively 

twice, and then clear and, moreover, no multiplication program requires ASC 

disposal, then the .I.SC output termin . .,l cnn be connected to a repeat program 

control on the final product accunulat~r set up for subtractive transmission 

repeated 2 times with clearing, Notice thc-.t. with such a set-up "the point 

i-.SC on the product disposal switch no bngcr has the meaning transmit ""' and 

S simultaneously and clear but, rather, the meaning established by the set 

up of the program control on the fin~l product accurnulo.tor. 

In o. course like the previously described one car~ must be exercised 

to prevent conflicting pJ"ogra.r.tS, Since during the first two addition times of 

a multiplication pror,ram, the RHPP a.ccumulatJr he.s e. c.)mpletely non-active role, 

product disposal lasting 2 additi~n tir.ws is ~ossible (with the RHPP accumu­

lator used as the FP accumulator) even though a now multiplication program 

is initiP..ted when the r>rGduct disposnl signal is emitted, If the ;:->rc>duct 

is disposed of repetitively r times {where r ) 2), the next multiplication 

program r.111st be initiated no sooner than :1'-2 'lddition times following the 

product disposal signal. It might also be mentioned o.t this point that 

repetitive reception of an argument cannot be .:•.ccomplished through the use 

of the terminals Ra-Re: or 14-De: since the arguments must be received no later 

than the end of ;Jddition time l of a program in order to allow sufficient 

time for the selectors to set up, 

5 , 2. CCII!! ION PROGRJ.!.llliNG CIRCUITS 

5.2.1. hrgument hCCumulator Rec~ivu Circuits 

" prop,ram input pulse delivered t:> a program control is routed 

J 
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immediately \hrough buffers (61 and 62 :m program control 1, for exwnple) to 

the argument receive switches for that c0n\rol, Each receive point on these 

switches c<Jnnects to one of 5. output circuits consisting of buffer, invorter, 

standard transmitter, and pr::>p,ram pulse "lltput terminEl. (Ra.-RE or Da-De: on 

front panel 1), The program output pulse transmitted in this way is taken 

to a program control on the argument accumulator to stimulate reception of 

th~ argument (s~e Sec. 5.4.). 

5.2,2, Program Ring and associated Circuits 

When a high-speed multiplier program control is stil!lulated, the 

signal derived ultimately from the normally neg~tive output of the flip-flop 

holds p,ate F' 44 opon so the.t o. CPP is admitted to cycle the progr~.m ring one 

stace per addition time, The effect of sienals from various stages of the 

ring on the round of~ partial product receiver, complement correctiun, final 

product collection (F pulse), ~d program control reset circuits are discussed 

in this section, l.lcnti>n is also macle of the effect of signals from the ring 

on the numerical circuits which are discussed in greater detuil in Sec. 5,3, 

Table 5-4 summarizes tho chronological operation of the progr~~ng circuits 

for the case (lf '" 2 place multiplier, 

The progrEib'\ ring is in stage 1 when a progr'llll input pulse is re­

cei vod by s<ll!le program central at the end of, let us say, arldi ti on time zero, 

During addition tine 1, the argunent accumulG.tors receive th<>ir arguments 

(see Sec, 5.2.1.) and, at the end of addition time 1, th~ ring cycles to 

stap,e 2, 

A signal frc>l~ stage 2 opens gate B'47, The lP passed thr"ugh this 

gate sets the 1 and r receiv<Jrs e:.rly in arlditi:>n time 2, These receiv~rs 
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are not reset until the end of addition time p+2 (see discussion below). As 

lang as these receivers are set, a static signal is delivered to the 1 and r 

terminals on front panel 3. These .signals, brought to interconnector terminals 

• on the left and right h&nd partial products accumulators (see Sec. 5 .4.), 

stimulate the reception, through the ~ input terminal, of the round off pulses 

(see discussion immediately following), the partial oroducts emitted during 

the succeeding p addition times, and the l'P to correct the sign of the 

product when both the ier and icand are negative. Since the 1 and r signals 

are brought directly into the "receive on ~" programning circuits of the product 

accumulators, no program c~ntrols need be set up to program the reception of the 

partial pr.oducts, 

The signal from stage 2 of the ring also opens gates A'47 and A'~6 

• se that the l'P and 4P are passed. These five pulses, used for round~ of 

the product, are delivered to the gates A11-H11 and K11 45, Each of these gates 

is connected to a point on the significant figures switches as indicated on 

PX~6-308. The normally positive output of the activated program control's 

• 

.flip-flop through inverter 65, buffer 64, and points on the significant 

figures switch, opens one .of these gates so that the round off pulses are 

emitted over the lead for decade place 10-s of the left hand partial products 

digit output terminal I or over the lead for decade place 10 of the left hand 

partial products digit output terminal II • 

In addition time 3, a signal from stage 3 through B'42 and inverter 

Ll is applied to the ier selector mtes for the lOth decade place, K 2-11, and 

through inverter B1 41, to the shifter gates A11 30-21 and 10-1. In this way, 

multiplication by the first digit of the ier takes place with the products 

• being emitted on the leads for decades 10-1 of the digit output terminal LHPP 
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accumulator I and on tho l<.>ads for decad"s 9-l of the digit output terminal 

RHPP accumubtor I, and for deccr.EJ 10 of RHPP accumul~tor II, Similarly, in 

~ddition times 4, 5, .. ,, p+2, the rinp, causes multiplication by successive 

dieits of. the ier and the> emission of the pr:>duets shifted over one pl;;,ce to 

tha right each time, 

The places gP.tes numbered B• -K • 46 er.rl.t a signal on the coincidence 

of a signal from the normally negative output ,_,f the flip-flop (and buffer 61) 

passing through point p on the places switch and a signal fr~ stage p+2 of 

the rinf,. The sienal emitted by one of these gates terminates the multipli­

cations by successive ier digits, causes c~mplement correction to t~e place, 

and resets the l and r receivers, 

The phase of the r.~ultiplicc.ti:ln progr'..m in which the tables are 

used is terminated as follows: h CPP passed through gate F148 at the end 

of addition time p+2 clears the ring to stage 13, .;,t the same time, a CPP 

passed through gute E147 resets the 1 and r receivers. 

During addition time p+21 the siF,nal from one of the places gates 

allows a 1 1 P t0 pass throuP,h gate -1"47 and a CPP, through gcte B11 46. i.. static 

output signal fro!'l stage M of the inr accumulator• s PM counter holds gate B"47 

open so that gate B1147 pasaes the output of gate B11 46 to the DS output terminal 

on panel 3. Similarly, if tho icand ie neeative, the output of gate B"46 

passes through gate C1147 t0 tho IS terminal, The gates L"47, 45, and 43 are 

so arranged in series th&t the 1' P is allowed to reach the PM lead of terminal 

RHPP accumulator I only if both the ier and icand are negative. This latter 

pulse is received in th~ right hand pcrtial pr~duct accUillulator because the 

r receiver is not reset until thE end of addition time p+2 after this pulse 
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has bean emitted, With the ass,_,ciated accumul~tors set uo as shown on PX-6-311, 

the pulses transmittocl fr,,m terminals RS a.nd DS stimul.'l.te the carrying out of 

the complement corrections (sh.:>wn •m table 5-3,) during addition tine p+3, 

At the end of addition time p+3, a CPP passes through gate ;1. 11 47 

which is held open by a signal from stage 13 of the ring, This pulse, trans­

mitted through terminal F on panel ~is used to stimulate the collection of 

the partial pr'>ducts into the final product {see PX-6-311 and Sec, 5,4.), 

t.t the end >f addition time p+4, the activated prcr,r~m contr~l is 

reset and a pr•1gram output pulse is transmitted, This resetting is accomplished 

in one way for program controls (9-16) .,n panel 2 and in a. slightly different 

way for program ccmtrols (1-8 t!.nd 17-24) on the first anc' third panels, 

The signal from ste.rre 14, early in addition time p+4, is brought 

directly to gate 62 ,,f tra.nsccivGrs on the sac"nd panel, This gute, controlled 

by the normally negative output of the flip-flop, then emits a signal which 

passes through inverter 6~ and opens gate 68, The CPP passed through gate 68 

at the encl of addition time p+4 resets th~ flip-flop and is transmitted as a 

program output pulse. 

Gate 62 of a transceiver on the first or third panel also gets a 

reset signal early in addition time p+4. This signal, however, is derived 

from one of the reset flip-flops (E, F 49 on panel 1 or L", K" 49 on panel 3). 

;.. signal from stage 13 opens gatee D49 and K11 50 to allow a CPP to pass and, 

thus, set the reset flip-flops on panels 1 and 3 respectively, The normally 

negative output of these flip-flops is then brought to eate 62 in the associ­

ated transceivers, Neons correlated with \he reset flip-flops are shown on 

PX-6-309 . 



• 
• 

• 

• 
• 

v- 18 

5 ,2,3, •<rgument Accumult•tor Clear Circuits 

The reset signal, whether from stap,e 14 or from the reset flip-flops 

( sCle discussion il!lllediatcly nbove), causes gate 62 of the stimule.tod transceiver 

to emit a signal early in ad~ition time p+4, This signal, through inverter 65 

and buffer 63, passes through the ier and/or icand accumulator clear switches 

to one or two nf the argument accumulator cle:lr gates B, D, F, and H30. The 

argument accumulator clear gates are so connected tc points on the clear 

switches that gat~ H30 is opened if only tho ier accumulator is to be cleared, 

gates D30 and F30 if both argumen\ accumulators are to be cleared, n.nd gate 

B30 if only the icMd accumul:ltor is to be cleared, Towarc1s the end of addition 

time p+4 1 thE: carry clear ~atu (CCG) passes thr::>ugh the Clpcned clear gate 

(or gates) to the PM-cl~r unit of the r.ccunulat~r (or accumulators) to 

cause the clearing of the argum~nt accumulators as specified by the settings 

of tho argwaent accumulator clee.r switches, 

5 ,2,4. Product Disposal Circuits 

There are 6 product disposal circuits i, 1 s, . ,. 1 i.SC e~.ch consisting 

of a prop,ram pulse :.>Utput termiml on panel 31 a transmi"bter, a gate D" 1 E" 1 

... , (')r J"47 and, a buffer D", E", •• ., or J 1146. Each e>f these circuits is 

c'nnected t·; the corresponding point J, 1 .it.S, .. , 1 ;,sc on thu product dispcJsal 

switch, 

The sigm1l emitted by eate 62 of the stimulated pr"grBr.l co>ntrol 

when the reset sir,nal arrives, pa.sses thr'.>ugh inverter 65, buffer 63 and the 

product disposal switch to the buffer of the appropriate product f:isposal 

circuit. Thus 1 the gate in such a circuit is hulc! ,:,pen to pass a CPP at the 

end of adc:litLn time p+4. This pulse, emitted from :me of terminals i..1 S, 

, , ., ASC nt th·c und ::>f additi-:m time p+4 1 is used by the ·.)per1'J.tor tu stimulate 
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disposal cJf thl' r>roduct (see Sees. 5 ,1.5. &.ncl 5 ,4,) which tE:kcs place during 

addition time p+5 • 

The nunerica.l circuits of the hir,h-s;)eed multiplier c-Jnsist of 

the ier select:Jr gates, the tens nnd units rnultiplic~tion tr·ble:s, the c-.1ding 

gates, the left and right hand icand selector gates, the left and right hand 

shifters, and the 4 digit output terminals, LH pnrtial pr-:-.C.ucts accumulators 

I -~nd II n.nd RH product acctmulators I and II ::m pa.ncol 3 (see PX-6-308), 

The ier sclectcors c-1nsist •Jf a 10 by 10 arr~.y cof pates, The ier 

selector gr-.te in row i (i = 0 tD 9 fr<>l!l bottom to top) anc:' column j ( j = 10 

to l from left to right) receives, •-s :>nc input, the static output r,f stage i 

in decr•.ce C'>unter j of the ier ~.cclll'!lulat:::r an~., as its second input, a signal 

from stage 13-j of the multiplier ring, The output signal from a gate in 

row i activ~tcs rJw i of the multiplicntion tables, 

In thc tens table there ~:.re eight groups uf vertical c:mduct•)rs 

correspvnding to icand digits 2 to 9 .:J.nc! in the units table, 9 gr•,ups of 

vertical conductors c•Jrresponc!ing tu ica.nd elicits l to 9, The basic prC>ducts 

are rememb.:.red by m"ans of a ;'attorn of c'mnections between the hurizontal 

cnnductorl! (from the ier select•Jrs) and the vertical CJnductors (to the 

coding gates). Each •Jf the vcrticrJ. c·.mductors is labdleC so as t-" indicate 

the pulses (1, 2, 21, or 4) which aru brnueht tJ the C')ding gate t'l which it 

is connected, No c:-Jnduct?r is needed for ic~nd equ:>l t' :me in the tens 

t<J.ble since the tens dip,it of any one digit ier by icomd equc.l to one is zero, 

Now, a si.c:ne.l from a gccte in reo\> i of the selectors is delivered 

through the connecti·)nl! between row i :1f the tables <md the vertical cc>nductors 
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to the cc,dinr. gates, Since the c~ut"ut ,>f the ier select'lr gate is negative 

the sirnals fro!:\ the multiplication tables have an inhibitory effect on the 

c:>ding gates to which they are delivered, N::>tice th:J.t f:>r icr equal to zero, 

all c:x'ing gates are turned ·Jff, The 1, 2, 2', or 4P are £llowed to pass 

through unly the codinp, g.'!.tes which receive no signal fr;)JJI the l!lllltiplic.:..ti•m 

tables, 

Suppose, fnr example, that the clir,it in the tenth clecaclr; place :Jf 

the ier is 2, Then during addition time 3, the tube K9 emits D. sit:nal, The 

digit pulses ?as sed by the C)ding p,ates as a result are shown in Table 5-5, 

The pulse• passed by the c'riing gates associatod with the tens and 

units multiplicatbn tables are broueht through buffers and inverters to the 

left and right h!U!t' icancl selector gates respectively, The left hand selectors 

consist of a 10 by 8 array of gates with the tubes in row i (i z 2 to 9 from 

bott.1m t~ top) corresponding to digit i of the icand am' the tubes in column j 

( j ~ 10 to 1 from left to right) to r.lcca~.e place j ·~f the icand, Similarly, 

the rit:;ht hand icand selectors consist nf a 10 by 9 array of g'ttes with each 

::>f the 9 rows curresponding t.:J a dif:it of the icand between 1 and 9, The 

static ::>utputs ::>f the icand accumuh.t<Jr 1 s deci\de c:>unters pr:wide one input 

for the ic'3.lld selector gates, The second input for the ic<md selector ;(ates 

on row i C''nsists uf the pulses passed by the c:>ding gE.t<;s ass:>ciated with 

icand i, Out 0f the colleeti 'n of products transmitted by the c.1ninc gates, 

the icand soloct,•r ,~ates select the pr::.ducts neeced f'lr the particulur icand 

set up in the~:~, Fo)r exanple, when the icand M 8 198 630 400 is multiplied 

by the first c!igit ::;f the ier P 2 800 000 000 (see the illustrc>tive problem 

:>f table 5-2) 1 the pr 1c'uct pulses passed by icancl select·>r gates are sh:)wn 
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Tt,BLE 5-5 

PiJtTli•L PRODUCTS EHITTED BY THE MULTIPLIC.-TION Ti,BLES FOR IER • 2 

Icand 

2 

3 

' 
4 

Codinr~ Gates whieh recci ve 
signals fr:>m multiplication 

tables 

G48 

G47, F46 

G46, F46 

Pulses passed by-coding 
gates. 

none 

none 

none 

1------~--------------------------~--------------------------l ' l 
r 5 F45, E45 lP by G45 

~----+-----------------~----------------1 
! • ·,~ . . ' 

I i I . ·----·-·· I 
• i 1 G29, E29, D29 1 2P by F29 

!UNITS 1----~-----------·---------+----------------------

l • 
• 

~ T-.BLE I 2 R28, E28 : 4P by D28 

1 I I 
3 G27, F27 ' ---------~2~1 P~b~y~E~2~7~a=n~d~--~ 

I i r- ,,4P by o27 

------~·--------------------------4~--------------------------~ I 
! • 

I l • 
• 

• • 
• • 

• • 
' 
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in Table 5-6. 

Correspondinr> to each set ~,f icanc' select •r gates is a set of shifters, 

Each set "f shifters consists •)f a 10 by 10 arr~y '-'f r;ates, The pulses for 

the pa.rtinl procuct "ier''dii;it by ice.nrl cir;it in decade ple.~ j" are r:.>uted 

through buffers and inverters to the shifter g'l.tes in c;)lllJiin j ( jalQ to 1 

from left to ri~ht)o The second input f~r the ~ates in row i (i~ 3 to 12) 

comes fr:mt stage i of the program ring. The uutputs >f the shifters are con­

nected dia;.;onP..lly to the leads of the dii;it <JUtDut terminals, IJI partial products 

accumul<tors I and II and Rll pre>duct accumuhtors I and II, in such a way that 

the parthl prJducts are er.rl.tted one decnce nhce further to the right as 

multiplication by successive ier digits takes place, The partial products 

for icand by first ier digit are emitted wor the leads f•Jr decade places 

10-1 of the left h~cnr! partial pr.1ducts accunulator I, decade places 9-1 of 

right hand partial products accumulb.t·)r I, and decade ph.ce 10 of rit;ht hand 

partial pr,ducts accUt.lulat•.>r II o 

N~tice that the pulses f~r the partial pr·Jducts are emitted from in­

verter tubes instead '>f standard tro.nsrnitters o F:.>r this reason, the digit 

output terminals on panel 3 must be connected to input terminals on the partial 

products accumul~tors by means of digit trays or cables to which no other units 

are connected in parallel. No loed b:>xes are used on these dit;it trays (see 

Sec, 5 ,4,) o 

5 ,4, U.'TERREI.'•TION OF THE HIGH-SPEED MULTIPLIER :JJD ITS },SSOCL,TED i•CCUMULi,TORS 

5 .4.lo Interconnections for Numerical and Pr;:,,;ra.nnd.ng Data 

The 10 decade counters of the icr accumulat~r (9) are connected statical­

ly to the ier selector gates, Similarly, the decade cc.>untars "f the icand 
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Ti.BLE 5-6 

SELECTION OF PRODUCTS BY ICi,ND SELECTORS HHJo;N ICi.ND l>i 8 198 630 400 

• IS MULTIPLIED BY FIRST DIGIT OF IER P 2 800 000 000 

.. - ~ 

i 
Decade Left Hand Ica.nd Puls;;s Right Ho.nd I c cnd Pulses I Plac~ Selector Gate Pas sod Selector Gate Pas sod 

10 Ll22 1 L1 2 6 

9 0 K1 9 2 

8 J 1 21 1 Jfl 8 I 

• 7 Hl22 1 H1 2 6 

6 G1 24 1 G1 4 2 

5 F1 27 0 F 1 7 6 

-
4 0 0 ·---·· --
3 D1 26 0 Dl6 8 

' 2 0 I 0 -- - I 
I 

~ 
1 0 I 0 -- -- ' • I 

• 
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a.ccumulat•>r (10) arc c'mnectcd t.J both sets nf ice.nd selector v,atos, StL<ge M 

of the ier accumulntor is st~tically ccmnecter1 tc' gL:tes B"47 and 1 11 45 and 

star;e l.I of the icMd accumul.,,tor, to ;:r,.tus C"47 anc1 1"43 of the complement 

corrccti >n circuit (see Sec, 5,2,2,), Fifty lc."J.ds in each :of 4 55-conductor 

cables •.re used for the etatic outputs of tho 20 dec."J.~e counters involved, .:.n 

r.ddiUonal lead in oach •:of 2 •Jf the cables carries minus si;;n rlatu, These 

cables Dre brouc;ht from accumulators 9 and 10 to the s.::loctor gP.ttJs in tha 

hi;h speed multiplier by way ·>f the static cable trough which runs along tho 

t ::>p of the ENI!.C p?.nels, 

Only accumulators 9 1'\nd 10 which are next to tho hip,h-speed multiplier 
since 

can be used as the ier cLnci icand accwnul<•.tors "only 'Jna uddition time, the 2nd, 

is allowed 6vith a safety fa.ct,)r include<'!) for the set-up of the arguments in the 

selectc>rs, If lonr;er static lcacls were used to deliver the arguments to the 

sclect,,rs, m.Jro time than has biJen provided w·Julcl be needed to set up tho 

a.r,_~<:lnts, i•S a n.'\tter qf fact not even the ier and icanc! a.ccumulators can 

be inttorchan·:en since thG tir.1e c:msta:1ts hnve been mel>surud on the basis that 

the further accunuh•tor (9) is connectcrl to the ier select~>rs on panel 1 and 

the nearer accuuula tor ( 10), to th•- icanct sde ct .)rs on panel 2 of the hi1;h-

speed multiplier, 

The outputs of g11.tes B, D, F, ar;c H50 in the clear circuits (see 

Sec, 5 ,2,2,) are also connecter.! t::: the Pkl clear units of tho argunent accur.~u-

lators, 

i.ll the other connecti ·me b<;ltween the multiplier anc1 its associated 

accumulators f:Jr numerical anc proc;r::.rnrdng rurp:>ses are mac1c thr.:>ugh digit or 

program trays or cables, These Pre shc)Wn on PX-6-311, 



• 
• 

• 

• 
• 

v- 24 

5.4,1.1, Programming Connections for 11Receive .Argument" Instructions 

The terminals ~-RE are connected to program pulse input terminals on 

the ier accumulator, The program switches associated with these terminals are 

set up appropriately, Similarly terminals ~-DE are connected to program pulse 

input terminals on the ica.nd accumulator, Although PX-6-311 shows all or the ltf.l.-l!E 

Rn-RE and ~-DE terminals connected, it is, of cOurse, necessary to ~ke connec­

tions only ror the terminals which are used, 

5 .4.1,2, Connections for Partial J:'roduet, Reception 

The aignals emitted through the 1 a.nd r terminals on panel 3 of the 

high-speed multiplier during addition times 2 through p•2, are delivered to 

the "receive on a." programming circuits of the partial products accumulators 

by means of cables (see PX•5-lll) running from the 1 and r terminals to inter-

connector terminals on the LHPP and RHPP accumulators respectively, The digit 

output terminals on panel 3 of the high-speed multiplier are connected to the 

s input terminals of the partial pl'oducts accumulators, If products with 8 or 

fewer significant figul'es are requiredJ the dotted digit connections may be 

omitted, 

To repeat the statement made in Sec, 5.2.2, no Other units can be 

connected in par~llel to the trays used to carry the partial products and no 

load box should be used on these trays, 
' 

5.4.1,3. Connections !Q£ Complement Correction 

The S output terminals of the ier and icand accumulators are con-

nected to the a input terminals of LHPP Accumulator I and RHPP hcc~lator I 

respectively for the purpose of delivering to these accumulators the correction 

terms required if either or both of the arguments are negative (see Table 5-l) • 
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with these digit connections, the following program connections must be made: 

1) from terminal RS on panel 3 to a control on the ier accumulator 

set up for subtractive tra~smission and to a control on the _LHPP 

accwnulator set up for reception on ~ • 

2) from terminal DS on panul 3 to a control on the icand accumulator 

set up for subtractivt: transmission and to a control on the lli!.ff 

accumulator set up for reception on ~, 

A second r;1ethod of making the co•'•Plemcnt correction conn.,ctions is 

possible, The S output terminals of the ier and icand accumulutors may be con­

nected to the ~ input turminals of RHPP accumulator I and U!PP accumulator I 

respectively, 

1) 

2) 

In this case the ~rogrrun connections are as follows: 

from termim.l RS to ttw ier ~,ccumulator nnd to the RHPP accumulator 

from tormin:J.l DS to the icand accwnul~.tor and to the LHPP accumu­

lator. 

5,4,1,4, Connections for Final Product Collection 

PX-6-311 shows the partial product accumulators set-up so that the 

RHPP accumulator also serves as the final product accumulator, The A output 

terminal of the LHPP accwnulator is connected to the. I! input terminal of the 

RHPP accumulator and the F terminal on panel 3 is connected to a control on 

the LHPP set up for reception on (3, Since the RHPP accumulator is free for 

two addition tirnos at the beginning of multiplication programs and the LHPP 

accumulator is free for only one addition time (sec Sec, 5,1,5.), thcr0 is a 

slight advantage in using the Rl!PP accumulator as tho final product accumulator 

if repetitive disposal of the product is contemphted, Otherwise, by suitable 

digit tray and progr~ing connections, the U!PP accumulator can just as well 

be made to serva as the final product accwnulator. Notice that it is not neces­

sary to use a shifter at the I! input terminal of the FP accumulator in collecting 
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the pnrtinl products in one ~.cc\ll!lulrctor because the high-speed r.~ultiplier' s 

shifters align the parti9.l products so that they crcn be ccmbined properly, 

5.4.1.5, Progr&m1ing Connections For Product Disposal Instructions 

PX-6-311 shows several of thu ""• S, .. . , ASC t~rminals on panel 3 

connected to pro~riJJll controls on th() final product :· ccumulator which c.re sat-

up for transmission, h.s montion<'!d c~•.rlicr in Sec. 5 .L5., tho Llilomings t'lkon 

on by the points A, s, ... , ASC on the product disposrJ.l switch dt:>pend entirely 

on the set up of tho progrr•m controls on th.c fin'1l produc~ r.ccUr.lulator to which 

thE> terninals A, s, , , • , ASC nrc connected, 

5,4.2. Position of Decimal~ in Product Accumulator 

The position of the decinal point of tho product e:m easily be deduced 

fran the description of the wr•.y in which th0 shift<:rs route the partio.l products 

• (see Sec, 5,3,}. If r, d, and f rcspcctivGly ruprosont the nw1bcr of decude 

placos that the decimrcl points of the ier, ic:11d, :md fin~cl product are removod 

fron thu PM pl.'lco in their rEJsp<oCtive ~cccw-.1ulators (r, d, r.nd f :.·.re positive or 

neg~ttive according :•s th•oy ••rc counted toward the right or left of the PM countur ), 

then 
r = r + d 

This fornuls is illustrc.ted in the tHble below, 

ier r I ic~.nd d product r 
' • p 1, 000 000 000 1 p 1, 000 000 000 1 p 0 1.00 000 000 2 

p 0 03,0 000 000 3 P.4 000 000 000 0 P 0 Pl,2 000 000 3 

p 0 03,0 000 000 3 w-2(P.4 000 000 000 -2 p 0, 012 000 000 1 

• 
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5.5. ILLUSTR!t.TIVE PROBLEMS 

ProgrBms set up on the high~apeed multiplier arc desc~ibed in the 

high-speed multiplier colwnn of set-up tables as foll0ws: 

1) On the first level, i-j, at the left, represen'.-s uhe 1.i:1e from 

which the program input pulse comes :md !1), at the right, the 

progr3111 control 

2) On the second level, the first pidr of SYJ:!'uuls (a., ••• , e, or 0 

followed by C or 0) rr,prescnts the settings of the ier a.ccwnu-

later receive and clear switches; the second pr:ir of symbols 

represents the settings of the icund accumull'.tor receive and 

clear switches; the third symbol (nj ',, J ;.sc, or 0) the setting 

of the product disposal switch; f, specbl meaning assigned to 

one of the points on the product disposal switch is indicated 

by an asterisk and an I!Xplanatory note a.t th"' top of the high-

spoed multiplier column, 

3) On the third level, the first symbol (2, ,,,, lO,or off) specifies 

the significant figures switch setting; the second symbol, the 

places switch setting, 

4) On the fourth luvel, located on the addition time line in which 

the progr,·m is complet.,d, the symbol m-n designates the progr1m1 

output pulse, 

Thus, the following symbols 

1-3 @ 
a.C 1!0 1;. 

off, B 

t 5-6 
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describe a program set up on high-sp~ed oultiplier control 4. The program 

input pulse comes from line 3 of progrum tray 1, The ier accumulator receives 

its argument through its a. input terminal and the icand ~.ccumulator receives 

the icand through its ~ input terminal, The ier accumulator is, and the icand 

accumul<.tor is not cleared at the end of the program, The product is trans­

mitted additivcly from the final product accumulator, The product is not 

rounded· off and 8 multiplior places arc used, The progr~m output pulse is 

transmitted to line 5-6, If the program input pulse 1-3 were received, say, 

at the end of addition time 6, all the above symbols except the arrow and the 

program output pulse would appear on the addition time 7 line, The arrow 

would run from the line for addition time 7 to the line for addition time 18, 

The program output pulse symbol would appear on line 18, 

No symbols are written in the columns for accuraulators associated 

with the high-speed multiplier when thesG accumulators carry out programs 

{receiving the arguments, for example) st~ulated by the high-speed multiplier. 

The set-up dia.grl'll!lB, however, indicr.tc the semi-permanent connections m:~de 

between the high-speed multiplier r·.nd these accumulators, 

For the symbols used on the set-up di1<gr'-lns see Fig, 5-1 below, 

5,5,1, One Program Control Dovoted to ~uch Multiplication 

The projJlem of Sec, 7,5,1. llhich describes the \'lay in which the ENI;;.c 

can be set up to perform quadratic Lagrangian int10rpolation illustrates one 

method of using the program controls on the high-speed multiplier, Here it is 

assumed that the interpolation is cnrried out as pert of a conputation which 

does not come anywhere near exhausting the program control facilities of the 

high-speed multiplier, Since sufficient program controls are available, one 

control is devoted to each multiplication program, 
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The stimulating pulses for the various multiplication programs are 

derived directly from the m'>in programming sequence and the multiplier• s 

program output pulses go back to the ooin programr.ling sequencu (see Table 7-4) • 

5.5.2. One Progr~n Control Used Repeatedly 

The COJ~putation discussed in section 6.5 which consists of forr.ri.ng 

3 

yY+ >- xf 
X= --------~!~a=l~-----------+ cd 

b 

illustrates the repeated use of a given high-speed multiplier prograo control. 
2 

In this cornputation, the three pdrs of multiplic."\tions to form the tcr1.1s x. 
~ 

3 . 
and. then x., while they involve different arguments, can be handled by one pair 

~ 

• of rnultiplier controls. Hero ag[cin the pulses which stinulate the multiplication 

• 
• 

programs as well as thu ones which stinul1:!tu tr2.t1snission of x
1

, x
2

, and x3 to 

the argument accumulctors arc derived from the rcin progr:.n sequence, However, 

3 
after each tern Xi_ is foznod and received in another ~.ccumulator from the final 

product accumulator, the progra.r. sequence goes to the master progrPmer for in­

structions as to whether or not the nultiplier progran controls used repe2.tedly 

for the formation of xi and xf o.re to be used n.go.in e.nd, if so 1 with which 

argument (see Table 6-13). 

The problem of Soc, 6.5, also illustrates the use of one of the 

points on the product dispos1ll switch to effect repeated transr.ri.ssion fron 

the final product accunul2.tor • 
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5.5.3. Isol~.tion of Program Seguences Which Stimulate Tr~.nsmissicn of i.rgnnents 

to ~rgument ;,.ccumuldors 1 Multipliceti•m Programs 1 and Reception of Prodt:.cts 

From Product .. ccumulators, 

In Sec, 8,7 is descrjbed a pr<>blem in which there is a basic cnq,u­

tation sequence involving 17 multiplications, This basic sequence is rer,eated 

10 times in the course of tho problem, One progr;;m C(.'lltrol is devoted to uach 

of 12 of the r.tultiplic:;tions and the rennining 5 multiplications are taken care 

of by either of 2 progr~m controls, Each tine the basic cornpuk,.tion sequence 

is repeRted, c.rguments stored in different units of the ENI.',C nre used, J>lso, 

within e1~ch sequence, the l·Jcation of one Df the arguments required in the 5 

multiplicRtion programs which are perforned on 2 progrm:J. controls, a.s mentioned 

above, varies, Furthernore1 in alternate r.;petitions of the basic computing 

sequence, 6 of the 17 products are received by w~.y cf different input terninals 

in the accumulators to which the fin~.l product accumulator transmits, 

The set up for this problem is slllll:lB.rized in Table B-13 >•S much of 

the basic computing sequence as is constant for all 10 repetitions is handled 

in one predominant program sequence, In this predominant program sequence 1 

the same progran input pulse which stimulates a multiplication program also 

stimulates the accumulators which store arguments for the multiplication to 

transmit them and the program output pulse from a multiplier progrvm control 

not only stimuhtes the reception of the product from the fin<'l product accu­

mulator, but also initiates tho next multiplication program, The program pulses 

for thie predominant sequence are carried in pr::>gram trays 7 and 8 (see Table 

S·lJ, 
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Branching off the predominant progrDJ!I sequence and curried on in 

parallel with it are three ser~uences, The sequence whose stimulating program 

pulse is carried on progr~.rn line 6-11 is concerned with procuring appropriate 

arguments in the cases where tho loc"tion of argument ve.ries from repetition 

to repetitie>n, l> second sequence whose program pulses e.re c&rried on progra.'!l 

tray 9 is concerned with selecting which of 2 multiplier c,:mtrols is to be 

used for 5 of the 17 multiplications ~·nd with stirnul:lting the transmission of 

an appropriate argw:~ent, .. third sequence whose program pulses are carried 

on trays 10 a.nd 11 handles the reception of 6 of the 17 products from the 

final pr.Jduct nCCWlulator, 

The iteration of the predoMinant sequence with its branches 10 tines 

is provided through the use af thu r1r·.stur programmer, 
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VI • DIVIDER AND SQUARE ROOTER 

The divider and square rooter is the unit which enables the ENIAC to 

carry out the operations of division and square rooting, The time required to 

complete these operations depends on the number of places required in the anr.wer 

and the digits in each place of the answer, If it is assumed that the average 

digit of the answer ia 5 and if p designates the numbs~ of places in the answer, 

* approximately 13 p addition times are consumed in division or square rooting, 

The first seotion of this chapter contains a general summary of the 

divider and squa~e rooter, Sections 6,1, 6,2, and 6,3 respectively cover the 

program controls, cemmon programming circuits, and numerical circuits of this 

unit,· Information pertinent to the interrelation of accumulators associated 

with'the divider and square rooter appears in Section; 6,4, lind 6,5 includes 

an illustrative set-up for computations involving the divider and square rooter, 

The following diagr~s will be referred to in this chapter: 

Front View of the Divider and Square Rooter 

Divider and Square Rooter Front Panel 

Divider and Square Root~r Block Diagram 

Interconnection of Divider and Square Rooter 
with its Associated Accumulators 

6 ,0, GENERAL SUMl.lARY 

PX-10-302 

PX-10-301 

PX-10-304 

PX-10-307 

The divider a~d square rooter carries out a division or square rooting 

by operating as a central prograrrming agent for a group of associated accumulators 

(see Section 6,4), In division the associated accumulators are the numerator 

(dividend) accumulator, the denominator (divisor) accumuhtor, shift accumulator, 

*In Section 6,2 a formula for co.lcul&ting exactly the number of ~.ddition times 
required for a given division or square root is given, 
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and quotient accumulator; in square rooting the E\ssociated accumulators are the 

numerator (radicand) accumub.tor, the shift accumuh.tor, ond the den<>rnincctcr 

(twice the root} "-Ccumulator, The divider controls th.;se c.ccumul:l.tors in th<e 

sense that at various periods of the operation cycle, it transmits to these accumu-

lntors progran si~J~als · appropriate to the period of the comput~,tion and the 

quantities involved in the computation and in the sense that it provides the 

answer accumulator with the numeric"l data from which the answer is ultimately 

formed, 

The operation cycle, whether for division or square rooting, divides 

itself r~.ther cle.:,rly into 4 periods: period I in which the stage is set for 

the following periods, period II during which the operation itself proceeds, 

period III, the round ·off period, ~nd period IV, the interlock and clear period, 

When a divider and square rooter progrr·m control is stimule.ted, tho events which 

occur in the four poriods mentioned above, depend, to some extent, on the way in 

which the program control is set up, (cf, Seotion 6,1 and the illustrative 

examples in Tables 6-2 and 6-3). 

In addition to a transceiver with program pulse input and output 

terminals, each of the 8 progrnm controls contains an interlock pulse input 

terminal and 8 program switches (see PX-10-301). The program switches provide 

the operator w~th options as to: 

1) reception of the c.rguments by tho argument accumulators (numerator 

and denominator accumulator receive switches) 

2) clearing of one or both of the argument accumulators upon 

completion of the progr:un (numer~tor and denominator accumulator 

clear switches) 
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3) choice between the operations of division and squ8re rooting ' 

(divide-square root and places ,switch) 

4) the nwnber of places to be obteincrl in the answer ( di vicl.e--•oy".re 

root ~md places switch) 

5) round -off or no round--off of the answer (round---off sw:i..'~ ct) 

6) whether or not the trcnsmission of a prngrum output pulse ts to 

wait on the dividor-squaro rooter's reception of an interlock 

input pulse (interlock switch) 

7) trn.nsmission of tho answ,;r from the quotiont or denominator 

accumulator (answer disposal switch), 

During period I of a division, the divider and square rooter omits 

signals which sttmulnte the argumGnt accumulators to receive the arguments in 

acc0rdance ;vith option 1 above and sets up certain of its common prograroming 

circuits (see Section 6,2) in accord~mce with option 3, 

Period II, for division, includes combinations of a basic division 

sequence and " shift sequence, When the numer£<tor an~ denominator have like 

signs, the denominator is subtracted from the numerator and the quotient is 

increased by one unit in a particular decade place; when the signs o£ the 

arguments nre unlike, the denominator is "dded to the numerate:- <md the quotient 

is decreased by one unit in a particular decade place·, When the remainder from 

the numerator after nn "ddition or subtraction of the denominc·tor shows an over­

draft ( i, e, a change in sign fran the one which tht: rmainder carried before the 

addition or subtraction), the bas~c division sequence is interrupted, Then the 

remainder is transmitted from the numerator accumulator to the shift accumulator 

where it is received shifted over one place to the left, Next the numerator 
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accumulator again receives the numerator from the shift accumulator, The baaic 

division sequence is repeated with the quoti<mt. respectively inr:reased C!' c!_,-

croased t)y one unit r;~.ftcr ave!':' time a. subtraction or addition c:r!' t:1e 'i.r.n0!i'.~.nc~tnr 

tnlws pbcc, Af':.3r a s;1ift sequence, however, tho unit is added t 1 c•"!' suhtract•lc! 

* Shift S9CJ.UOP~e. 

Sa.'~i:\re roots in +.he EN1J<G 1:.re obtained bJ a rr:'l"~he>d which malctes use ,,_ 
2 

of the fact that L (2i- Il = a am\ w:1ic!1 is analor;ous to a method often 
/ =j 

used to fin<l .s•l'.\"~" rocts on electric or mwu'll. dc•sk computi:1.g m''·chir,oas. 

Period I for Rqu:c.rG·-rooting not only c ovGrs the reception of the 

numerator (or rr.dicand) and tho set-up of cort.Qin circuits in the divider and. 

square rooter, but also provides for the reception of one pulse in the 10
9 

dec~.de of the d"m.orninator{twic" the roc.t) accumul'ltor • 

In the bnsic S<JUD.rC·•rooting sequence of pc,riod II, odd nUiilbers sue-

cessivoly increasing (nnd accumulated in the dcnbmin~tor. accumulator) are sub-

tracted from the radicand until an overdraft occurs. Then odd numbers successive-
' 

ly decre<.·sing 9re added to the rg.dicllnd, The ENIAC finds by this procedure tv.ice 

the square root (formed in the denominator accumu~tor) since the answer is in-

creased or decreased by two units after each addition or subtraction takes pluce, 

Period II, in squ~rr rooting as in division, includes 0 shift sequence which 

takes plr•.ce whenever the remci.nder from the radicand indicates a change of sign, 

The square root shift suquence provides tor transmission of the radicand to the 

shift accumulator to shift it one pluce to the left and the return of the shifted 

radicand to the numerator or radicand accum~~tor, The shift sequence, further-

~From the time that poriod II beg~ns until ~ust nfter the first overdraft, 
unit is uddcd to or subtracted from the 10 decDde of the ~uotient in the 
divieion sequence, Aft~r the first shift sequclnce, the 10 dec~de of the 
quotient is worked on by the divider etc. 

ono 
basic 
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more, provides for the subtraction or addition respectively of one unit first in 

the decade place in wlrlch twice the root was previously increased or decrcused 

by two units in the basic square root sequence and then in a decade place one 

further to the right, After a shift sequence the basic square root sequence is 

repeated until overdraft occurs, T~.ble 6-l shows the contents of the radicand 

accumul~.tor and of the twice the root accumulator at various times in period II 

of square rooting, 

Period II is terminated and period III initiated when an overdraft 

occurs and when the divider and square rooter has found the number of places 

(counting toward thJ right from the PM decade) of the answer specified by the 

setting of the divider-square root .. and places switch of the answer, In division, 

period III includes the shifting of the numerator one place to the left as in the 

shift sequence of period II, Then, if round .. off is specified by the setting of 

the program control, the denominator is subtracted from or added to the numerator 

(if the numerator's remainder and the denominator have like or unlike signs re­

spectively) five times, If overdraft does not result from these subtractions or 

additions, the quotient is respectively increased or decreased by one unit in 

the last place from the left required by the setting of the places switch. 

Period III of square rooting is similar to that for division except for two 

details, In square rooting this period covers the shifting of the radicand's 

remainder and the addition or subtraction of one unit in the decade place of 

twice the root whic~in the previous basic square ~cot sequence,was decreased 

or increa.sed by two units, Also, in square-rooting as in division, if round--off 

is specified, the contents of the denominator accumulator are then subtracted 

from or added to the contents of the numerator accumulator, If no overdraft 

.J 
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results, twice the root is increased or decreased by two units, 

Period IV is identical in both division and square rooting, In this 

period, ring counters (see below and Section 6.2,) in the divider and squ~e 

rooter are cleared and certain flip-flops are reset so as to ready the divider 

and square rooter for the next progrl\111, A program output pulse is transmitted 

either to indicate the completion of the operation or the reccption~f an inter­

lock input pulse as well at the completion of the operation, The divider-square 

rooter signals for the disposal of the ~.nswer in accordance with the setting of 

the answer disposal switch at the end of period IV and the numer~tor and denom­

inator accumulators clear or do not clear in accordance with the settings of the 

numerator and denominator accumul~tor clear switches, 

The events described above arc motivated by the divider and square 

rooter's common programming circuits (see Section 6,2), The answer which is 

accumulated in the quotient acc~~ul~tor in division or in the denominator accu­

mulator in square rooting is supplied by the numerical circuits (see Section 6,3) 

of the divider and square rooter. 

The common programming circuits of the divider-square rooter which are 

operated by the program controls mny be divided roughly into 3 categories: 

circuits which arc concerned solely with programming within the divider-square 

rooter (internal programming circuits); circuits which program the associated 

accumulators as well as other circuits within the divider (intern:J.l - external 

programming circuits); and circuits concer~ed solely with programming the accu­

mulators associated with the divider and square rooter (external progrBJ:Illing 

circuits). 

The internal programming circuits (see PX-10-304) include the program 
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ring circuit, the overdraft circuit, th•J sign indication circuit, the divide 

flip-flop, and the interlock and clear circuit, 

The program ring circuit contains a flip-flop called the pulse 

source flip-flop which controls th~ emission of certain specialized pulses (sec 

Section 6.2) used only in the divider and square rooter. \~hich pulsas are emitted 

depends on whether division or squ<cre rooting is the oper£tion and also on the 

period of the co~putation, The 9 stage program ring directs the progress of 

the computation by providing gates for particular si&nals suitable to the phase 

of the computv.tion at various times. The cycling of the progr<>lll ring is con­

trolled by the program ring flip-flop and by certain of the special pulses whose 

emission in turn, is controlled by the pulse source flip-flop. 

The overdraft circuit hr-.s for its purpose the sensing of overdrafts. 

It consists of a binary ring counter (called the numerator ring) for registering 

tho sign of the numerator. This ring is cycled only during period I and just 

after the nur.wrator is shifted to the shift accumulator in periods II and III • 

. Jn addition to the numerator ring, the overdraft circuit has four gates each of 

which is connected to a stage of the nw~erator ring and statically to the PM 

counter of tho nurlerutor o.ccumulator. i..s long as tho r,;moinder fror.1 the nw.\era­

tor rem:.ins the SE:\m"' as it was before an addition or subtraction of the denom­

inator, this circuit er:'.its an NO (no overdraft) signal. When the nur.1erator 1 s 

remainder changes sign an 0 (overdraft) signal is emitted. 

The sign indication circuit corlp[·.res the signs of the numorc.tor and 

denomim:tor unitting a like sign signal when numer~.tor Md denor.lino.tor have the 

same sign and an unlike sign signal when tho signs of tho numerator and denor.l­

inator differ. The denomirw.tor flip-flop in this circuit is set only if the ·' 
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denominator is negative, Thco dcnorll.nator flip-flop feeds to each of four gatos 

which have for their second input static leads from the PM counter of the numera­

tor accumulator, 

The divide flip-flop is us~d to r~ember whether the operation being 

performed is divi.sion or square rooting. This flip-flop a.ffects programming 

only during the round· off period at which tir,e its intervention results in the 

omission of the instructions which distinguish period III for division from 

period Ill for squ,are rooting, 

The interlock ~nd clear circuit which consists of the interlock flip­

flop, the interlock coincidence flip-flop, the clear flip-flop and the v3rious 

gates operated by these flip-flops, during period IV, emits signals lihich clear 

the divider and square rooter's rings and reset certain of its flip-flops. 

The circuits which e.ru both int,;,rna.l and uxtcrna.l progr&~ll'ling circuits 

are those containing the receivers which, when set, motivate the acc~ulators 

associated with tho divider and squaru rooter to perform ccrt;,in suboperations 

involved in division and squa.N rooting and which also stimultte other prograr.~­

ming circuits within the divider and square rootur to function (see Section 6,2), 

The receivers included in this cetegory are the NY' DA• Ds• QB, DY, D'y• Sa anq NhC 

and SAC and N•y rccaivers, Signals from these receivers arc delivered to the 

associated accumulators by means of special cables leading froo the quotient 

accumulator e.nd shirt accumulator progrnm tennim.l, the dcmomina.tor and square 

root accuoul~1.tor progrm:r terminal, and the nUI!ler~tor ~ccurnulntor interconnector 

terminal (see PX-10-301) to interconnector terrninals on accur.,ulators correspond­

ing to the nanes of tho termin11ls on the divider rJ.nd square rooter, 
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The N'll receiver st:I.I!Nlates the reception, via the numerator accumula­

tor's y input channel, of the denominator or the complement of the denominator 

when either of these quantities is transmitted from the denominator accumulat.or 

as a result of the settiftg of the DA or Ds receivers during the basic division 

or square rooting sequence of period II or in round off during period III. 

The~ receiver controls the reception, via the quotient accumulator's 

~ channel, of the units which are used to form the quotient and which are trans­

mitted by the divider and square rooter whenever the basic division sequence of 

period II takes place or at the end of period III in round off programs if no 

overdraft results from the addition or subtraction of five times the denominator 

from the numerator, 

The Dy receiver controls the reception by the denominator accumulator 

via its y channel of the +2 or -2 units transmitted by the divider and square· 

rooter every time the basic square rooting sequence of period II occurs or in 

period III if no overdraft occurs after the addition or subtraction of 5 times 

twice the square root in period III of round off programs. Another receiver, 

the D'y receiver also controls reception via the denominator accumulator's y 

channel of numerical data which ultimntely forms twice the square root, This 

receiver, however, is used to program the reception of the single unit (+or-) 

transmitted first in a given decade place and then in a decade place one further 

to the right during the square rooting shift sequence of period II and to program 

the reception of a single unit just once at the beginning of period III for 

square rooting, 

The S~, NAC' SAC' and N'y receivers control events which occur during 

the shift sequence of period II and at the beginning of period III for either 
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• division or square rooting, The first two receivers stimulate the transmission 

(with clearing) of the contents of the numerator accumulator to the shift aceumu•· 

lator which receives this data through its a. channel, A sliifter which shifts 

numerical data one place to the left is placed at the a. input terminal to accom-

• pUsh the shifting of the numerator, The numerator is then cleared out of the 

shift accumulator and returned to the numerator accumulator via the nUmerator 

• 

accumulator's y input channel as a result of the setting of the SA and N' c y 
receivers, 

The circuits which are used solely fer external programming are the 
' 

numerator and denominator accumulator clear circuits and the Na., N~, Da., D~, 

receivers and answer disposal receivers 1, 2, 3, and 4, Signals from the external 

programming circuits are delivered to the associated a~cumulators in exactly the 

same way as are the signals from the circuits which are both internal and exter-

nal programming circuits, 

The Na. and N~ receivers correspond respectively to the points a. and ~ 

on the numerator accumulator receive switches and are used to stimulate the re-

ception of the numerator (or radicand) by the numerator accumulator at the begin-

ning of a program, The Da. and D~ receivers have a similar function, Whether 

these receivers actually stimulate reception through the a. or ~ input channels 

or through some other channels depends, of course, on the manner in which the 

interconnector plugs of the cables leading from the divider and square rooter to 

the numerator and denominator accumulators are wired, The plugs, (see Section 6.~) 

• · used at present, however, stimulate reception in accordance with the labelling 

on the numerator accumulater and denominator accumulator receive switches, 

The instructions given to the quotient or denominator accumulator as 

a result of the setting of one of the four answer disposal receivers depend on 

• 
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the wiring of the interconnector plugs used tCJ deliver the divider and square 

rooter's programming instructions to the answer ~.ccunulators (see Section 6.4), 

The answer is built up in the quotient accumulator (in division) or 

in the dunominc,tor accumulator (in square ro~tinp;) out of numerical data produced 

by the numerical circuits ?f the divider and square rooter. These circuits, 

which are discussed in greater detail in Section 6.3, include the +1, -1, +2, -2 

receivers, gatbs controlled by the above mentioned receivers which pass the 1, 2, 

21 , 4, 9, or 1' pulses, the 10 stage place ring, and 10 pairs of digit output 

gates with each pair controlled by a stage of the place ring. 

The answer is formed one unit (in division) or two ~ts (in square 

rooting):at a time in a particular decade piace fran the digit pulses passed 

through the 1, 2, 2 1 , 4, 9, and 1 1 pulse gates and ranted into appropriate 

decade places by the 10 pairs of gates c~ntrolled by th6 places ring. Sign 

indication M belonging to any c:m1poncnt of the answer is derived from the 9P 

delivered to the FM lead of the answer output terminal on the divider and square 

rooter front pi.\nel. 

6 .1. PROGRAM: CONTROLS 

The divider and square r"Jotcr h~.s 8 progreJn controls each consisting 

of a transceiver with program pulse input v.nd output terminals on the divider 

and square rooter front panel, an interlock pulse input terminal, a numerator 

acclll!lulato?r and a denomine.tor accumulator receive switch, a numerator accumulator 

and denominator accumulator clear switch, a divide-squ~.re root and places switch, 

a round-off switch, an answer disposal switch, and an interlock switch • 
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6,1,1, The Numerator Accumulator and Denominator Accumulator Receive SWitcho!• 

The numerator accumulator and denominator accumulator receive switches 

of the divider and square rooter have the s81:J.e pur!Jose as the multiplier accumu-

later and rnultiplica.nd accumulator receivCl switches of the high-speed multiplier 

' (see Section 5.1,), These two sets of switches on the divider-square rooter 

enable the operator to control the stiJnul~"tion •)f tho re-:eption of the argument::: 

entering into a divider and square rooter progr~n centrally at the divider and 

square rooter instead of locally at the associated accumulators, The instructions 

specified by the setting of the receive switches on the divider and square rooter, 

however, are transmitted statically to the numerator and denominator accumulator 

via cables leading from the denominator-squo.re root accumulator program tCJrmina.l 

and the numerator accumulator interconnector terminal on the divider and square 

rooter's front panel to interconnCJctor terminals respectively on the numerator 

accumulator and denominator accumulator, It is to be noted that in the case of 

the high-speed multiplier, the instructions set~up on the receive switches are 

transmitted in pulse form from pulse output terminals on front panel 1 of the 

high-speed multiplier to program pulse input terminals on the icr and icand 

accumulators, In the case of the high-speed multiplier it is necessary to set-

up ier e.nd ica.nd acc\llilulator program controls corresponding to the Ra.-R& and 

~ ·- D& terminals on the high-speCld multipliClr, In thCl case of the divider and 

square rooter it is not necessary to set up program controls on the numerator 

and denominator accumulatt>rs since the recCJive instructions are delivered directly 

into the common programming circuits of these accumulators. 

The numerator accumulator and denominator accumulator receive switches 

differ also from the high-speed multiplier's receive switches in that the former 
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which reception is to take place, The cables used to c;:,naect the numerator 

accumulator interconnector tenninal and the denominator and square root accumu-

• later program tenninal to the numerator and denominator a•,cunulator interconnector 

tenninals have been so wired that if either or both of the nU!"e"·dor or dcnomina-

tor accumulator receive switches be set to a. or j!l, the corresponding accumulat.;:,:· 

receives its argument through the a. or P input channel respectively (see Section 

6.4 .... ). 

It it is not desired to stimulate the reception of an argument on any 

given program or if it is desired to control the reception of either or both 

arguments tor a given program locally at the appropriate accumulator (by deliver-

ing a program input pulse to a suitably set· up p~ogram control on the accumulator 

• either before or simultaneously with the program input pulse that stimulates the 

divider and square rooter program control), then one or both receive switches can 

be set to 0 (off). 

When the receive switch of a given program control is set to a setting 

different from 0, the divider and square rooter emits the receive instructions 

at the same time as the program control's transceiver is set by the program in­

put pulse so that the accumulator correlated with the receive switch receives 

its argument during the 20 pulse times immediately following the reception of 

a program input pulse by the divider and square rooter (see Section •• 2), 

• 6,1,2. The Numerator Accumulator and Denominator Accumulator Clear Switches. 

The numerator accumulator and denominator accumulator clear switches 

control the clearing of the numerator and denominator acci.Dnulr.tors respectively, 

These switches have two positions: C (clear) and 0 (off). If a clear switch is 

• set to C, the clear circuits (see Section 6,2,) in the divider and square rooter 
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eci.t a clear signal during tho lllst :ldd:l.tion timo of a program just b<Jfore the 

transnission of a prngr~m output pulse, This signal is delivered by moans of 

static leads !ron tho divider and square rooter to the PM-elear Unit o.f the 

accur.:~uldor c:>rresponding to the roc~;iv<J switch sot at C in the addition time 

at the end of which the divider and squa.re root<1r emits a program output pulse, 

Since the denominator a.ccurnulntor is usi.ld as the answer accuoulator in 

squ~.re rooting programs and since P.nswor dispos~:~l t•J.kes place in the '-•ddition 

time following tho transnission of a program output pulse (see Table 6-10), it 

is obvious that the answer would be lost before it could be transmitted to anothe:·· 

unit if the denor:dn•ltor accumul·~.tor clear switch were set at C for squl>I'Il root­

ing programs, The answer dispos:11 SV<itch together with ~- suitable adaptor (such 

as the one shown on PX-4-11¥ or PX-4-llJ•C-seo Section 6,L,,2) plugged into the 

denominr.tor square r·~ot.accuoulator program tcnninal provide <• correct method 

for clearing the clenooin,.,tc-r accumul<:t.:>r ·,.:i.thout loss of the enswer. in square 

rooting programs, 

6,1.3, The Divide-Souare Root ancl Plact:s Switch·,;. 

The divide-square root and places switch provides a means of choosing 

which of the divider and squa.r" rooter's operations is to be pc,rforl!led on a 

given program and of specifying the nunb•Jr of places in the answ:er (counting 

from tho R1 crunt<:r toward tho right as sean from tha front of the unit) to 

be found. The five left hand positions 0f this swit.ch specify division to 4, 

7
1 

8
1 

9, or 10 places and the ~i.~T£ right hand positions, square rnoting to 4, 7, 

B, 9, or 10 places (see Secti::m 6,4,3.), The number of places ch<)Ben by the 

operator for a given program will depend on the accuri!CY requirements of the 

computation and un the a.ligni:J.cnt of the arguments in the argument accumulators, 
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~ See Section 6,4 for a discussion of. the relatiohship between the location of 

the decimal point in the argument and·.answe:r aci:umulatorSJ 

• 

• 

• 
• 

The setting of the divide-square root and places switch like the 

setting of the significant figures switch or the high-speed multiplier, has n6 

effect on the putting in of the l'P pulse when the answer is disposed·~! .sub-
·;-. 

tractively from the answer accumulator. Which decade the 11 P is put into in 

subtractive disposal depends on the setting or the significant figures switch 

on the answer accumulator, If programs with different round off requirements 

are performed, it may be necessary to supply the 1 1P at the accumulators which 

receive complements from the answer accumulator. 

,,1,4, The Round Off Switch 

The round. off switch offers the operator a choice between obtaining 

an answer rounded off (RO) or not rounded off (NRO) to the number of places 

specti'ied by the setting of the divide-square root and places switch, In general, 

diviaion or square rooting programs in which 10 er fewer answer places are re-

quired will either be performed with round off or else round orr will be taken 

care of in an accumulator after the divider has found more answer places than 

are required, To obtain answers with 11-19 places (see Sections 6,2 and 6.4), 

two programs are necessary, The first one, in which the first 10 left hand 

digits are found, should be performed without round off, The result of the 

second program should be rounded off whether aa part of the second divider pro-

gram or in an accumulator after the divider program, 

It should be noted that under certain circumstances, twice the square 

root obtained through a round off program may be in error by 2 units in the last 

place found, For example, the divider and square rooter produces the answer 
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P0002 when 21GD is found to four places in a round off program, The reason for 

this slight inaccuracy becomes apparent when it is remembered that round off of 

square roots as carried out by the divider is only approximate, Let R represent 

the remainder from the radicend and let p + 2x be the number stored in the denom­

inator accurnuh~tor at the end of addition time III - 2 where 2x is the extreme 

right hand digit of tho answer found (so that, at this time p is the answer lea• 

2x), Assume that k answer pl~ces have been found and, for simplicity, let us 

say that the decimal point in the numerator and denominator accumulator occurs 

k places from the loft, If k is odd (so that R, the remainder from the radicand 

before round off, is greater than or equal to zero) the decision to change or 

not change the answer by 2 units in the last pl~ce depends on whether R-5p-10X 

does not or does show an overdraft, If round off were carried out exactly, the 

quantity R-5p-10x-2,5 would be ex(llllined instead, Thus, the rounded off answer 

is inaeuurat!J when R-5p-10x ~ 0 and when R-5p-10x-2.5 .(0, It can easily be seen, 

then, that the rounded off answer obtained in square rooting programs is correct 

except when 

0 ~ (5p + lOx) - IRI <-2.5 for an even number of places 

or 0 ~ !RI - (5p + lOx)"- 2,5 for an odd number of places 

6,1,5 The Answer Disposal Switch, 

The answer disposal switch on the divider and square rooter is 

111ompar~.ble to the product disposal switch on the high-speed multiplier in that 

the former enll.illes the operator to provide for the stimul~.tion of the disposal 

of the answer from the answer accumulator without the necessity of delivering a 

program input pulse to the answer accumulator specifically for this purpose, The 

answer disposal switch on the divider and square rooter, however, offers the 
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the product disposal switch on the high-speed multiplier, 

The answer disposal signals emitted by the divider and square rooter, 

• moreover, are static signals which are delivered to the quotient and/c-lr denomina­

tor accumulator by means of cables connecting the quotient accumulator and shift 

accumul2tor program terminal and/or the denominator-square root program terminal 

to interconnector terminals on the quotient and/or deno~inetor accumulator, 

Points 1 and 2 of the answer disposal switch refer to the disposr,l of the 

quotient and points 3 and 4 to the disposal of twice the root, The exact meaning 

conveyed by their settings, however, depends an the wiring of the adaptors and 

interconnector cables used to carry instructions from the program terminals on 

the divider and square rooter to interconnector termin~·-ls on the associated· 

• accumulators (see Scction 6,4,2) since the instruction signals are brought 

directly into the accumulators' common programming circuits, In the high-speed 

multipl~_er, on the other hand, the instructions specified by the settings A, S, 

AS, AC, SC or ASC of the product disposal switch, depend on the set-up of the 

product accumulator program controls which receive product disposal pulses from 

the A, S:. AS, AC, SC, or ASC pulse output tenninals on panel 3 of the high-speed 

multiplier, 

6,1,6. The Intecl2_ck Switch. 

The setting of the interlock switch determines the conditions for 

• the occurrence of th.:• final addition time of a divider and square rooter program 

(i.e, the addition time when a program output p~lse, answer disposal signal, 

signal for clearing the argument Bccumulator's and signals for clearing certain 

circuits within the divider and square rooter are ~nitted), If the interlock 

• 
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• switch is set at no interlock (NI), the final addition time occurs during the 

second addition time following the completion of the actual numerical operations 

involved in a division of square rooting (i,e, during the second addition time 

• of period IV), If the il')terlock switch is set at I (interlock), not only must 

period III be compl3ted, but also the divider and square rooter must have re-

ceived an interlock ::.nput pulse before the divider and square rooter program 

Cll.ll be considered comrleted, In the interlock cr.se, the final addition ti!J!e 

takes place during the second addition time following whichever of the 2 events 

hereinafter list~d occurs later in the cycle of operations: 1) completion of 

period III; 2) the reception by the divider and square rooter of an interlock 

input pulse (see Table 6-10), 

The interlock feature of the divider e~d square rooter is desirable 

• when a division or square rooting program occurs simultaneously with another 

sequence of programs and is to be followed bjr a second sequence using either the 

same uni.ts as are used by the sequence in parallel with the division or square 

rooting or using results obtained from the parallel sequence and results of 

the division and square rooting,, By using the final program output pulse of 

the sequence in parallel with the division or square rooting as an interlock 

input pulse and then using the divider and square rooter's program output pulse 

as the initial progr<wt input pulse for the sequence which is to follow the 

division, the operator insures the completion of all of the programs of the 

• parallel sequence before the commencement of the second sequence, 

• 
Had the interlock feature been omitted from the design of the divider 

and square rooter, the operator, under th& sane circumstances as those described 

in the preirious par~•graph, would have faced two equally disagreeable alternatives: 
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1) never to schedule a parallel sequence lasting between the minimum 

time to r.1axim11111 time for COI!Ij!lleting a division or square rooting 

2) to compute the maximum number of addition times required to coQplete 

the division or square rooting program and then to use the final 

program output pulse of the sequence in parallel with the division 

or square rooting to produce eventually (after a delay consistent 

with the maximum division or square rooting time) an initial pro­

gram input pulse for the second sequence, 

6,2. CC!!MON PROGRAMMING CIRCUITS 

6,2,1, Status of the circuits before a transceiver is stimulated, 

Before a program input pulse is received by a transceiver to stimulate 

• a given program control, but immediately after initial clearing or the completion 

of a previous program, the status of certain important components of the divider 

and square rooter's common programming circuits may be suaaarized as follows: 

• 
• 

In the pr<>gram ring circuit, the pulse source flip-flop and the pro­

gram ring flip-flop are in the so called normal state, The program ring (whose 

stages are designated by A, B, 1, 2, ,,,, 7) is in stage A, The observer view­

ing the divider and square rooter from the front (see PX-10-302) observes that 

the pulse source and program ring flip-flop neons are lit as is program ring 

neon A, 

The numerator ring of the overdraft circuit is in stage P (the 

corresponding neon is lit) and the denominator flip-flop of the sign indication 

circuit is in the normal state (with the denominator flip-flop neon lit). If 

the previously conpleted program was a square rooting program, the divide flip-

.. 
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• flop is in the nomal state and the divide flip-flop neon is off, Otherwise this 

flip-flop is in the abnormr.JL state and its corresponding neon is on, The inter-

lock, interlock coincidence, and clear flip-flops are in the normal state (and 

• their corresponding noons are ~ff). The receivers cf the internal and extern&l­

internal progr!lllll'li.ng circuits arc r.ll in the norm<!.l state a1·1d the neons correspond-

ing to them are off, 

In the numerical circuits, the place rin6 is in stage 1 (and the 

place ring neon numbered 9 on PX-10-302 is on), The +2, -2, +1, and -1 receivers 

are in the normal state (and their corresponding noons are off), 

6,2,2, The Program Ring Circuit, 

As soon as a program c•mtrol of the divider and square rooter is 

stimulated, period I is initiated, The ch-3.r<'.etcristics of period I as evidenced 

• in the divider and square rooter's progr~ ring circuit are given in the follow­

ing paragraphs, 

The pulse source flip-flop remains in the normal state so that a l'P 

is gated through F6 to produce a 11 P
1 

and a. CPP is gated through F4 to produce 

a CP pulse every addition time, If the program control's divide-square root 

and places switch is set at a divide setting and the round-~f.f' switch at round--· 

off or no round--off, then GP is gated through K6 ;Jr 16 respectively to produce 

a divide pul.ee (DP); if the divide-square root ~.nd places switch is set at a 

square root setting and the round off switch at RO or NRO, GP is gated through 

• K3 or La respectively to produce a square Not pulse (SRP), 

• 
During perbd I, ~<lso, the program ring flip-flop remains in the 

normal state so that DP or SRP is gated through AlO or All respectively to cycle 

the program ring 1 stage per addition time, 
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In the third addition time of period I, the program ring is in stage 1, 

.ll signa1 from this stage gates u G' through gates A7 and through B7 c1earing the 

progrem ring back to stc.ge A and f1ipping the pngrrun ring intCJ the abnormal 

stat~ at the end of addition tL~e 3, This marks the termination of period I 

for divisiun; period I for square rooting lasts one addition time longer, (See 

Table 6-4 and Table 6-7), 

During period II the pulse eource flip-flop remeins in the norma1 

sta.te so thA.t GP, l'Pl Md either DP or SRP continue to be emitted e.t the one' 

oJf every additi.on tine, Since the pr'>gram ring f1ip-fl::>p is in the abr;ormal 

sj,atc (and ga1;es A10 and All aN c1osed) neither DP nor SRP c.:tn cycle the p:t:ug:.·an 

ring, The pre>graJ:~ ring, theref.,re, c-1ntinues t-, register stage A thr<.>ur,hout 

this period, 

Period II is terminated and E!!!iod III initiated when an S pu1se 

(this is a pu1so produced by the divider and square rooter when a shift sequence 

is about to begin - see below) is gated through E6 as a result of the coincidence 

of a signa1 from the stage of the plLce ring C'>rresponding to the places setting 

of the divide-square root and plnces switch and a signal from this same switch, 

The pu1se p-re>duced in this way is designated on PX-10-304 by the symbol SS, 

The SS pu1se flips the pulse source flip-flop into the abnormal state, 

During perbd III, then, 1_1 P
1 

and GP (and therefore either DP or SRP) 

cease to be emitted, Inste~.d, a CPP is gated through F5 at the end (>f every 

addition time to produce a pu1se designated by III P, III P cycles the program 

ring 1 stage per additbn time during period III. Also, if the round-off switch 

has been set at RO, III P is gated through K4 or K5 (when the dividc:r-square 

• root and places switch is set raspectively at a squue-rooting :.>r division point) 
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t-, produce a r·.1und 1ff pulse (ROP) at the end of every additicn time in peri<'d JF,. 

Notice that ROP is err.itted <>nly if round '1ff is to take ple.cc~ 

Peri,Jd III is tcrninJ.ted when the pr·>gram ring has been cycled through 

its 9 stages, Peri.>d IV is initir.ted when a CPP is gated through L50 to product; 

an F pulse and thr'"ugh EJ to produce an F' pulse, The F' pulse r.esets the pulsf> 

source flip-flop into the n:>rmal str.te s~ th:..t in peri·Jd IV (E·S in periods I anc 

II) 11 Pl' GP and SRP or DP are emitted, 

6.2,3, The Interlock and Clear Circuit, 

ThG F pulse sets the inturlJck coincidence flip-fh'p, Then the next 

CPP gated through J49 if the inter lack switch is set at I anc' the interlvck flip·. 

* fl0p has been set as a result •Jf the recepti•m ;f an interlock input pulse is 

gated through H50 ( ce~ntrolled by tho interLock c.1incidence flip;;,flop). The 

signal gated through H50 resets the interLock coincidence flip-flop and sets the 

cle3r flip-flop, The setting of the clear flip-flop results in the enussiJn of 

a reset signal f'r the transcoivor and the emission of the CL and CL' pulses~' 

The CL and CL1 pulses are respcmsible f·.•r the c mdition of the pre>gran ring 

circuit, the place ring, the numer~?.tor ring, and the denondnat•Jr flip-flop prior 

t-:J the Cullll'loncement ·.>f a divider and square rJoter pr<:lgram (see Section 6,2,1). 

* It is to be noted that the intorl,,ck flip-flop is insensitive t01 which of the 
8 interlock input ternimcls has been pulsed, An interlock input pulse received 
at any of the interl~ck input ternun~ls sets this flip-flop regardless ~f which 
program ccntrr)l on the divider and square r~>oter has been stir.!uLted. This 
flip-flop is also insensitive, in so!'lc respects, to the time A recepti•Jn of 
the interl~ck input pulse, An intcrle>ck input pulse received any time after 
tbil c~pl(Jtion of 01ne divider and square r<>oter prograr.t (and this may even be 
before the stimul.a.tiori of th;; next divider anrl. squt.re r:uter program) serves 
to flip the intcrl:;ck flip-fL>p fc1r the·next c\ivic'or c,nd squar" rooter program, 

lH~ The only distinction between CL and CL' is that CL' is taken ·Jff before buffer 
E48 and CL aft~r the buffer • 
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·6,2,4, The Overdraft and Sign Indication Circuits, 

The overdraft and sign indication circuits receive the information 

up::m which they operate (in the case of the overdraft circuit, the sign of the 

ccmtents of the nunera.tor accumulr·.t•Jr and in the case of the sign indication 

circuit, the sign of the denominator) by means Jf static leads from the nurnera-

t.Jr and denol!li.nator accumulatc>rlll Pl.! counters, The N- and N+ lines corry sign 

signals if the contents of the numerat·~r a.ccumul:ct·Jr are respectively negative 

:>r positive, The o- line delivers a signal to gate Bl of the sign indication 

circuits c:>nly if the denominat'lr is negative, 

The overdraft circuit consists of a numerator (binnry) ring whose 

stages represent sign P ancl sign M md 4 ge.tes (Fl, F2, Gl, G2). Each of the 

4 gates receives one input from the numerator ring e.nd the other from either 

+ 
the N o\1' N- line, The gates Fl, F2, Gl, G2 may be thought of o.s (M, N-), 

(M, N+), (p, tr), and (P, It) gates where t.he first symbol in a parenthesis 

designates the stage "Jf the nwn.erator ring and the sec·Jnd the numeratc,r sign 

line to which the gate is connected, 

The nunerator rinr, clears to stage P at the end of a progrru.1 aJ'ld, in 

the midst Jf a pr ograrn, can be cyclr.d only during pori:Jd I ~;r at specific times 

in periods II tUld III. In period I, when the progr~. ring is in stage B, a GP 

is gated through D6, the resulting signal is gated thr:>ugh Kl to cycle the 

numerator ring frou stage P to iii only if the numerctor is negative. During 

period II and III, the numerator ring can be cycled ::>nly whon Ll 1>pens to pass 

a CPP. Gate Ll, however, is open only when the Sa: roceiver is set and this 

receiver is set 0nly ~.fter an ·)Verdr.\l.ft has "ccured, 

Thus, the 4 gatos receive inf•.>rmati:m a.b;>ut the current sign indica-
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tion of the contents <lf the mmerator accumulr.tor ·Jiror the static leads frE 

the numeratcJr accumulator's PM circuit. The numerator ring, on the other hand, 

registers the sign of the contents of the numerator accumulat,,r bef·~re the 

denominator is either subtracted frnm ar added to the contents of the numerator 

accumula.tar, The 4 gates in the overctraft circuit compare the current with the 

past sign •Jf the c:mtents of the numerat·Jr accumulat:>r. The coincidence of 

signals to gate Fl (M, N-) or G2 (P, N+) leads to the emission of an NO signal, 

Similarly gate· F2 or Gl emits an 0 signal upon the coincidence of signals on 

both inputs, 

it.s long as an NO signal is. Elmitted the basic operation sequence :>f 

period II is performed, When an 0 signal is emitted, the basic operation 

sequence is interrupted either by a shift sequence or by the initiation of 

period III. The 0 and NO signals produce these results by inhibitory actions 

since no inverters intervene between the gates of the overdraft circuit and the 

gates to which 0 and NO are delivered, Vlhen NO is emitted, gate 012 is closed 

and gate Dll passes a signal which gates a. GP through D9. The resulting pulse 

* is designated by P. The P pulse, in period II, initiates the basic operation 

sequence~ and in period III, initiates the 5 subtractions or additions of the 

denCJminatar to the contents of the numeratnr accumulat:Jr by setting the Ny re-

ceiver and either the 0
5 

• ... r DA receivar. In period III, moreover, when NO is 

*The P pulse is produced in other we.ys when the sensing "f overdraft is ir­
relevE>.nt or unnecessary, At the end ,,f period I in divisi,m, a signal from 
stage 1 of the progran ring gates DP thr,JUgh B8 to produce e. P pulse, hlso, 
after shifting of the nllr.1ernt.Jr accUI!Iulntor' s cc-ntents in period II, a signal 
from the ll'y receiver gates a GP thr >ugh C9 t·:J produce a P pulse, In period III, 
the P pulse is produced when a signal from st'lge B ')f the program ring gates an 
ROP ~hrt>ugh C8 • 
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emitted, gate K12 passes a signal (emitted when a signal from stage 6 of tha 

program ring open• gate Jl3 so that an ROP can pass) which 1110tivates the cor­

rect~n of the answer in accordance with the state of the divide flip-flop 

(see Section 6.2.4). When the 0 signal is emitted, gates 'Dll and Kl2 are closed 

and gate Dl2 passes a signal from the DY or ~ receiver which, in turn, gates 

a CP through E9 to produce an S pulse. The S pulse motivates the shift sequence 

of period II or, when gated tprougb E~ to produce an SS pulse (see Section 6.2.2) 

initiate• period III. 

The sign indication circuit is quite similar to the overdraft ~ircuit 

in its components and functioning. This circuit consists of 4 gates (Dl~ 02, 

El, E2) .-.1 a flip-flop, the de!lOiidnator flip-flop. Each f!;ate is conneqted to 

one of the.2 output leads from the denominator flip-flop and to either the P or 

M staae of the numerator ring. The denominator flip-flop is in the normal state 

when a program commences and can be flipped into the abnormal state to remember 

the fact tnat the denominator is negative at only one specific time* in the 

course of a divider and square rooter program~ This one specific time is 

addition time 2 of period I when gate 06, held open by a signal from stage B 

of the program ring, ~Jasaes a GP which can then pa.s11 through gate Bl to flip 

the denominator flip-flop if 'the contents of the denominator accumulator are 

negative. Once flipped, thtl denominatOr flip-flop remains in the abnormal state 

until reset by CL in period IV. 

If the denatdnator is positive (and therefore the denominator flip­

flop is in the normal state) and the contents of the numerator accumulator 

*It is for this reason that the divider and square rooter is unable to fl.nd 
the real coefficient of i when the radicand is negative • 
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before a subtraction or addition of the denominator are positive or negative. 

(so that the numerator ring registers P or ll respectively), then gates El or 

E2 respectively emits a like sign or unlike signal, Similarly, gates 02 and 

Dl emit a like or unlike sign signal respectively, 

The like and unlike sign signals are also delivered to gates without 

the intervention of inverters so that these signals, like the 0 and NO signals, 

produce their effects by an inhibitory action, 

The like sign signal close& gate" Bll so th~t gate BlO passes a P 

pulse (see Section 6.2.4) which sets the Ds receiver, The unlike sign signal 

closes gate BlO so that gate Bll passes a P pulse which sets the DA receiver; 

The coincidence of like or unlike sign signal and a signal from the round;,ff 

flip-flop also determines which receivers of the internal - external programming 

circuits and of the numerical circuits are set in period" III (see Section 6.2.7). 

6.2.5. The External- Internal Programming Circuits, 

A program input pulse delivered to a program pulse input terminal ot 

the divider and square rooter immediately passes through the numerator and de-

nominator accumulator switches whence it sets the ~ or N~ and Da or D~ 

receivers. Thus, during addition time 1 of period I, the numerator and denom­

inator accunulators receive their arguments if this reception is controlled by 

* the divider and square rooter, At the end of addition time 1, a CPP resets 

these receivers and they do not function again in any subsequent period of the 

program, 

The Ny" and DA or Ds receivers function during period II and, if round" 

off is specified, during period III, The P pulse (see Section 6,2.4) sets the 

NY receiver at the same time that it sets the DA or Ds receiver (depending on 

* The arguments ~Jay of course, be received prior to this if their reception is 
controlled locally at the accumulators. 
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• whether the unlike or like sign signal is being emitted. During period II, 

GP resets these receivers one addition time after they have been set. In 

period III of roun~off programs, theN and D or D receivers remain set 
y A S 

• throughou':. addi':.ion times .3, 4, 5, 6, and 7. At the end of addition time 7 

• 

an ROP gaT.ed t.hrough D4 by a signal from stage 5 of the program ring resets these 

receivers. ~hus, the denominator is subtracted from or added to the contents 

of the nurAerator.accumulator 5 times in round off programs. 

During period II, when DP or SRP is being emitted, the setting of the 

NY receiv'!r leads, one addition time later, to the setting of the Q" (if DP) 

receiver or ':.he Dy (if SRP) receiver. Simultaneous with the eetting of the ~ 

receiver, LP sets the +l receiver if the Ds receiver was previously set or the 

-1 receiver if the DA receiver was previously set. Similarly, in aquare rooting 

programs, the +2,or -2 receiver is set at the same time ae the D · receiver is • 
y 

During period III of round off programs, the setti~ of the DY or ~ 

receiv~r noes not result from the setting of the N receiver, but, inatead, 
y 

takes place if a ROP is gated. through Kl2 because NO is emitted. The ROP is 

then routed to set either the DY or ~ receiver by means of gates controlled 

by the round off flip-flop. This same ROP and other gates controlled by the 

round -off flip-flop effects the setting of the +2 or -1 receiver (if the D5 
receiver was set during addition times .3-7) or tbe -2 or -1 receiver (if ·the 

DA receiver was previously set). 

• During period II, the ellission of an 0 signal leads to the emission 

• 
of an S pulse (see Section 6.2.4). The S pulse sets the S" and NAC receivers. 

A CPP gated through K7 as a result of the setting of the S reeei ver causes the 
' IlL 

setting of the SAC and N~ receivera. Thus, in either division or square rooting, 
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the shifting of the contents or the numerator accumulator one place to the 

left is provided for, 

The S pulse also sets the D'y receiver and, gated through G9 or H9 

by a signal from the +2 or -2 receiver respectively, sets the -1 or +1 receiver, 

The D(y receiver and the +1 or -1 receiver remain set for 2 addition t~es in 

period II for square rooting. They are reset when a CPP is gated through Cl3 

~Iter the NO state of affairs is restored in the overdraft eircuit, Since the 

D'y and +1 or -1 receivers remain set for 2 addition times and, since the pla&e 

ring is not cycled until the second addition time {see Section 6.3).,tbe cor­

rection of twice the root as described in Section 6,0 {a change of one unit 

first in one decade place and then in a decade place one further to the right) 

takes place, It is to be noted that in period II for division, the D' receiver 
y 

is set but that there is nothing for the denominator accumulator to receive at 

the time since neither the +1 nor tt·e -1 receiver is set in division, DP resets 

the D' receiver in the division case one add.time after its settinj. 
y 

At the beginning. of period III, also, the S pulse sets the S~ and NAC 

receivers and one addition time later the S and N1 receivers are set. In AC y 

period III, the D'y receiver is set and either the +1 or the -1 receiver is also 

set in the case of a square rooting program, It is to be noted, however, that 

III P resets the D' receiver and the +1 or -1 receiver one addition time after 
y 

their setting in period III so that twice the square root is corrected by only 

one unit in the last answer place. 

When the clear flip-flop is set (see Section 6,2,3), Gate 62 in the 

transceiver emits a signal which has 3 effects: 1) passing thlrough the answer 

disposal switch, it sets the answer disposal receiver (1, 2, 31 4) specified 
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by the setting of this switch~ 2) passing through the numerator and denominator 

accumulator clear switches, it allows the carry clear gate to pass through gate ;. 

A49 (if only the denominator accumulator is to be cleared), through gates A48 

and B49 (if both the numerator and denominator accumulators are to be cleared), 

or through gate B48 (if only the numerator accumulator is to be cleared); 3) it 

gates a CPP through 68 to provide the transceiver's reset signal and a program 

output pulse, 

Thus clearing of the numer~.tor and/or denominator accumulators takes 

place a little prior to the emission of a program output pulse and answer dis-

posal signal, 

6,2.6, !he Divide Flip-Flop. 

The divide flip-flop is set or reset during period I of divider and 

square rooter programs, In division programs DP flips this flip-flop into the 

abnormal state (and turns on the corresponding neon); in square rooting programs, 

SRP resets this flip-flop if it .was previously flipped into the abnormal state 

in a division program, 

The effects of this flip-flop on the divider and square rooter's 

common programming circuits become apparent in addition t~e 8 of period III 

for round of! programs when an ROP is gated through Jl3 by a signal from stage 

6 of the program ring. If the signal from gate Jl3 is gated through Kl2 as a 

result of the emission of the NO signal,.then, in the division case, this signal 

is gated through JlO to set the ~ receiver and through gate JS, The signal 

from gate JB is gated through G8 to set the +1 receiver or through gate H8 to 

set the -1 receiver when the like or unlike sign signal respectively is eLutted, 

Similarly, in the square rooting case, the D receiver is aet by a signal gated y 
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si0 ru..l i .. e1::.ittei, ! at t 18 0:.1..! o£ a..!d, t~e 1. 'i'.:r.<:re!'ore. tte~ 
: ·•mnernt .... r a.:cuo.1ulu:t.or recoive:s: eit •. f.ir the 

_ -·- _ -f--:!enor::~;~:;cr ~ it.s_c_~:ler.o.B!lt_Si'!8 ti!-~~· 

1) C)":lE>s rro;;rll.lr. r•.UJ: !oo S't.~.:;e 2 J 
------ ---- -----·--- --·- -- ------·- ·- ·-

1) J·/cle:> -ro ·rn.r. r u.:.; to stQ~'C 3 
-------·-- -------- -----·--------------

' \1) III p 
( 1) \ . 

- -·-------
4 1) I! I r (.a) 

·--·--------· 
5 

1) III I" (3) 

• [1) 
~:.:......:---------1--· ·-···-------------

A) II:i: F 1) C,r>=l11S oro~,rc..J.~ r1•Jt; ·to st:>.t;e 5 
~~- --1- ·;-==c-==c=.-=;;_=_ =~==~ 

7 \l) :-tar 1) J:i-&t~d t:·.r.,:..::>;id::2!1 by n. d.,;nd rrcr..l ct!:.~ 
{5) I I Is Dr tr.c rrocr::..= r1nf. r~tiets '.:hB :Jy 

I , · IP,nd !J. or D'"' receiver&, 

\---.J \''"_·_· _'_·I~I_P ______ -----+13}.. Cycle: th.;: ;•ro&r__~·. -~b~ to __ :.-;.t.r;e <5. 

I 8 ~) RJF 11) Gated -..i.rou.,;h m by li s1gn~l··;.~~o~,~. ~.~.~""'" .. "' 11~--Tht .. ·~-~ •. thelf ~~·.· •. ,-.c-.~bin·~ ..... ~.,:i_~,-~ .. ~',, .... ~ ... i~I1i--~.r 5 
1. ' 6 ot tLe ~rc.g:~.m-rillg prod~J.ces .&. ;:;l.:;111.l ...,. ... ... _. ,,.....,.. ~ r _ 

. . which, 1!' :;a~eJ. tol:.rou~ m b~· ::o, pnsse o!ur in& a>ld,. ti:lae:r ~ t~ol.l&-1,. '1 -1oes. D.ot 
. throuOt m to !:et tho ,._Q recei'I'Elr und produce a.n OverdrG.rt, durins add, t'W 9 

I 

l 
I•> III p 

t tl"~·'ltlgh B The :>ignlil.l tr0f1! ~ pn~ses the qu.otient is inerea.::;ed {·u-!-..en· num.eratCI"' 
tl-..rJ)o~j. fa: wi'.cn the like sic71 Sibl\a.l is a.a.4 denOD.illG.tor lu..ve liice .signs) or de-
ernittej ~;;,J. 3e.t:: the. •l receiver 01' creua:l (when nwnerutor end ci.enomln~.tcr haw 
p.sses thr:>u~h ~to set the -l z,e::eiver unlike signa) by, 1 Wlit 1n the lust phc.e 
wheu the Wllil::e si;;n &1Ql~l 1.:1 ei.:t.it-;ed. at tho ri.;ht il.B _spec1t1e.i by the aettillG 

. ) '~yeles the rro;~r~ ring tG ste.ge 7. 

ot tho places n'it~b. At the end Qt •dd. 
time 9, Ill P i-e<~ets e.n.! tl.~t -+1 or -1 re­
~ a.."ld a JPP resuts the -< reco1Yer. .. 

~.-....._I ------.......:...-----~------·-·-·-1--·------·---·· 



J 

----------------------· --~-

ri~i''' 
!(IIJld I J,.og,' 
1Rlng 
'Stage) 
to'--'· --=- -
I D _1) Prop-8.1!1. Input pu.llle 

(A) 

~---~ 

I 

( 1) 

1) CPP 

I) GP 

iS) SRP 

'1) GP gated through iilii] h7 
a a1gDal. tl"CIIl stage B 
ot the p-ognm ring. 

2) SRP 

,---~-------------·· 

s 1) SRP 

(A) 

). 

2) GP 

TABLE e-7 

SQ.UARE ROOl PER mD I 

bqu.Szoeli fOIIZ' add. t lmu I 1-6 

Etretrt 

---- T 

' -·------1 
1) 
a) Seta tranaoeivor in the d1Y14er and 

aqUU"e rooter. 
b) Seta Hg, or llp reoeinr 

1) ' 

b) The JWIDeJ"a.tOI' la tho reoeind. by the 

1) Dated through ilj by • alpol t'I'CII the 
pulse source tl:Lp..f'lop. p-od.u.oaa a GP 
pula e. 

l naaeratar UCUJIIII,latar 4yr1M tJid. tp 1. 
.. , 

, 1) Th:LI: efteot. oooura 1ll enry au.baequen11 I' 

ad.cL time or a square root progra except 
during period Ill. 

a) Gated throll£h~ or~ producea a SRP 1) Thil etreot ocoilra 1n enry eu.baequent 
add. t1.mli of a aq~~&re root program except 
during periocl Ill. 

3) 3) 
a) Dated through ~ h7 • aigoal from the 

progra.a ri.ll£ tlip.tlop. cple:o tha 
pra~am ring to at~ n. 

b) Re.s.ta thll d.1Y1de rup..rlop 11' thill b) 'l'hta turns art the divide tliP-fiop necm. 
flip.-flop is in the abnormal "ate • 

. 1) Dated throush(ll by t.he r dgnal oyolea 1) 'nJ,e 41T14er .111\d BqWU"e rooter, howeter. 
the numerator rfn&; to •ta.p Ll it the don mrt tizad the real ooeff1o1ent of' 1 · 
r&dloand 1JI negative. cornotl~ U the radicand 111 neptin. 

2) Cyclee the program ring to •ta&;e 1. 

1) • 
a.) O..ted tbro.agh (g) b7 a •1final t'rCXD. lltage 

1 or the program ring, seta the Dy 
receiver. 

b) G•tad through~ by a o!Q>al t'I'QII otqo 
1 ot the program rt.ng, aeta. ~ +1 
receiver. 

1) 
& erul b) ~. du-1~ ad4. tJme '· the 
l!enam1aa~ ( twioe the r~) aocw•u1lator 
reoe1W8• l pul•• 1n the loB decade. 
At tbe eD4 of lld.d. tt. •• a Qf'P reseta 
the Dy reoalftr and a C'FP pted. tbrougb 
u a reault or tbe oolnoldence of the RO 
dpal &lid. a aipd from the Dy receiver~ 
naeta the +1 reae1••· · 

~ -~ 
' a) Dated through [!jJ h7 a aipa1 A-"' ·­
I l, clear• t.ba .E£fJP'U daC to ·•tap A. 
. b) Oa.ted. thrOI&Ch 1811 by a aipal flo-. •tace 

1 tUp.o tbo pror;ru rtoc n~1op, 

I - - . 
I b) '!'he progu. •1JII £lip-flop DeOD h. tW"ned 

ott &t thil t-.. 
'--~-- ---- ----- .. ---~-- -- -----
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Add.' 
Tlmo' 

: 
I 

r [[1) ....... 
rar! 
n~O) i 

i 

(A) 

• 
S!Qal 

'!ABLE S...S 

SQUARE ROOT PERIOD II - IUS lC SQILIIIE lioor SBQUEHC8 
Requiree two. add, t:lmea1 r+l, 1'+8 

~-- Erteot ' 

i j 
For fti:O, tbla add. t~ oo1no1dea with add, time 4 ot period I. 

For n>o, thle add, t1me oobcidee witb ad.d, time 8+2 or r.a ot pel'iod II. J 
------, . - -- .. I ... 

P pulae der1_, trao 1) : 1) 

' / 

GP pted tbro"lfh [Df1 a) set• the 11y reoelnr, a ad b) Thua, dui'1Ji5 add, time r+l, the 
u the ruu.lt ot the 'b) Gated. thrau.9J. jjig Gen the llke alp DWiel'ator aacnaulatar reoeivea the OCIIlple-
co1noidenae of a sig- signal :a. iilllitted, aets the Ds reoeiYer ment -of the denca.ina.tar (when Nand D 
nU tl"an the Dy 01' pted throuab [!!j wben the un.likB . haw lllr;e a~) or reoetvea the dCOIIIIr-
reoeiwr and an HO aign aigno.l la emitted, aeta the DA natar (illlan N and D han unlike alp). 
ait;nal , receiver, Tbeae reoebera a.re reset by OP ai 
or liP cated through ~' the •pd of add. 'time r+l-
by a a1gna.l h-CIIft the 
li'I reoei'l'el' (after a 
sh tt sequence), 

---------- . 
r+l 1) SRP 

(A) 

--'----~-- ···---· 

..t.dJ. ·-
a ~) ..:; :)ulse i:r,;,d~:.c.Jci. ~;· •• en 

· (=4.+:-.b c. GP is e.:atErd through 
f'or (g aa e. T6SL~lt o~ tl:.e 
n ~ l eoboi de:'! Co:" or <:m c 

si~al n.n! ~ ::: i~t..l 
(A) i'r"Cii, the Dy receiver. 

••l 1) • .aGM1 rr o .. : t!1e 0 

"a 
receiV'er. 

(A) 

8) Eee 1 c) of adcUtlon 
time &,. 

1) 
o) oAted through~by a sigoal fran tbo 

Ry receiwr set.a the Dy receiver, 

b) Gated tbroush ~ ar ~respectively 
by a. f;igno.l trw. the D,s, or UiL receiwr 
sets tfle +2 or -2 receiver, 

SQUARE ROOT - SHIP"l' SE:;J;UEHCS 

P.oqu.ire;;~ two £i.d.dition tilnoa1 8+1, 8+2 

,, ., 
street 

a.) 3et.s the Ja. and u .. C receivers. 

b) ~et::: the ll 1y reaeiwr. 

c) Gated throur;h !Wi' by o. siGnal from the 
+2 receiver, seta tho -1 receiver or 
ga.ted throur.h ~ by ll sir;nGI.1 rror.. the 
-P. r9c~iver, sets tte +1 receiver. 

d) tr g~tec:l thr.our;.l-:.[~411 a. result o.l' the 
ooinci1ence or si~~~ls rrom the places 
8:-rltc:: m;:3. ;Jlc.ces r lnt; produce~ t:.n. SS 
yulse (~ee T~ble 6-9). 

1) 

"' Gate8 l 1 Pl through~ to prodllCMI l 1 P2 
which eye es the pl~ce ring one stage. 

b') Gt.l.tes a C:':' t!:rolll;h ~ -f;O that the 
nwroercl.tor bilw.ry ring is cycled l stflge. 

o) Gates 11. OPP tbroufih D so tho.t tbe li'y 
o.nd SAC receivers arc ~at. 

2) The D1 y and +1 or -1 rooeiwr rerd4ins 
set. 

l) 

liUld b) 'l'lws 1 in add. time r+2, the -:ienar.J.­
nator accu::~l.llator receivea t;vo in 10. Given 
decw.de p}aoe Of the C01..i.f.ol6m1Snt of 2 1f' the 
den~inatar waa previol.lsly subtracted or 
ad:led respeotive1;r. 

The Dy receiver end the +2 ud -2 
reoe.ivar& are roset by a OPP a.t the ~ 
add. tipa t+2. 

COI:llnOnt 

a) i.a a. result. the shift aocu:mt1.t.or :receivee 
ti•e a:JIIlerJ3.tor fr01:1 t:_e l!~er;;..tor accur.-.u­

--lator ·::hicll tra.."l.s"·-its U'l;i ~ll'lb.r-S curint; 
r.cl:!. time s-1. .~t ti.1e e~·,d Q:i.~ ~~:;.. tl•-.e 
s+1. a CPP resets these receivers. 

b and c) Juring add. tit.e 8+1. t.i.cn, the de­
nc.Ainator a.ocwnu1-.tor nceivee the coqJle­
rnent of 1 or receives 1 in a civen ~ecnde 
place !!' durinG the preview; l>eql.l8nce, the 
de1:.omino.tor a.CClL1Lu1r.:.tor received +2 or -2 
reapecthely in t:he sc;..r.o.e t.leco.-ie pl~.<ce. 
The U1y recei~er un~ the +1 or -1 receiver 
rQjJa.i.n set tigouch ~d. time •+2. 

d) ~ pu.lse 1nit14tes period Ill. 
(;.iao ch:.trt for period 111. 

1) 

b) 

o) 

2) 

.-.. o. res11lt 0 ceases to be er.~itted and iiO 
i8 emitted instead. 
Durin& add• time a+2, then, the numerator 
0.0011r.1ula.tor receive:> the contents of the 
ahitt acc~m~ulator whioh'*o.nsmits end 
oloars. At the end ot add, tt.."'lll •~P.. 1. 

CPP reaete the il'y and SJtC receivoJrs. 
Therefore, during &dd. time a+2, the deno-
miMtor nccwnu1ator "ceins +1 or the 
cor.tplw.ent of 1 but thia tiJn.e one decc.de 
place further to tho r ll;ht tho.n ~ 
acJ.d. tfM •+1. 

At ~- and of tAd. tillle e+2, GP g•ted 
through ~bJ a signal rroua the i1 1 

receiver resets the D'y receiver an! the +1 
or -1 r•celver. 



~I 
-~1 

0 i 
(A) 

0 

TJBJ..Ii: 6-1 

SQ.UJ.RE ROOT P::.RlOD III - ROUiiD OPP QR Rl:i RCimJD OFF PERIOD 

Requ.trea nine add. ttmea, 1-9 
Itana releftllt to the round .. o~~ cue On:lf.. -~ c ~ole4 

Ethct 

'·--. 

PX-IOQrllO 

~18 add~1
~.) time O!_~~~~~ ~1~ ad.:d· tS. r+B of_ JIDI' 1od: J! .. 

1) S plllse Jl"odu.ced wben 1) 
a QP is L71ted. throU&J;1 Seta the s 0 and HAC: reoeivera. a) puriw; add. t1pt 1, tban, the_nwne_ro.tar 

I!!J u a. result ot the acoumulatcr traum.1ta (and clear a) ita 
coino!denee ot a.n, o_ content& to the shirt aocumula.tw. 
e:ignal and a s1gna.l , A CPP reset& theae accwnula.tora 1n 

--~~-~.· ~.tWL b) Seta the D'y receiver. band o) Thus. durinc; add. tp 1, the den~ 

2) :l3 

c) Ga.ted through~ by a si171al f'r'om the 
+2 ·receiver, set::;: the -1 recet~r or 
gated through IR2J by a a it;nal boca".:; the 
-2 receiver sets the +1 receiver. 

d) Gated tr..rough ~ o.a a. result or the co.. 
inc i:lenoe of Sir,naJ.G f'roa the ?lllCGII 
&\'fitch and pla.ce ri~ produces an ~i~ 

pulse, 

a) Sets tl1e pulse source tlip..tlop. 

minatar accumulatar receives the comple­
tlent ot -1 cr +1 1n a. &iYen decade place 
if in the previoi.W aquUJ'8 root sequence, 
+8 or its CQ'!IplemDnt respeotively was 
received in that decnde place. 

.\t the smd. of add. time 1, Ill P (a• 
below} re:o:eta the i:l' y e.nd +1 or -1 
receivers. 

ip,) At thia time, the pu.lse :.oUJ"ce tlip..tlop 

~-_~on __ ~-& t~~~--~r_. __ _ 

1 1) Cl'P 1) !l) 

; (A) 

2) III P 

i 
2 1) III ? 

I (B) 2) RoP 

3) p 

s I) III P 
(l) 

4 1) III P : (61 

5 1) IIIP 
(S) 

' 6 1) III p 
. (4) 

! 7 1) ROP 

'(5) 
\ 2) III? 

' 

I t., 1) ROP 

a) So that 110 cea.se& to be CNr.itted llnd 0 :lJI 
emitted instaBd. 

a) Oa.ted thro"'&b § by a signal tran the 
Sc,treceiwr O}'Cles the IWII!en.tCI" binAI'y1 
r~~ , 

b) Gated througb~lby a signal i'rCCI the 'b) 
Sa reaeiver, sets the S4~ and !l''y ' 

So the.t dU£195 add. timp 2. the numera.tor 
llCCucwlator receins the:...DIIIDU'll.tcr trou 
t:.. shirt aooWDu.la.tQI' which transmits. nnd 
cleus. .1t the cm.1 01· m. u.rue .i, a .;;,;.;, 
resets those nceivera. 

rccoivor:;. 

o) G11.ted by 1E5J producea 11. III P. 

21_ 
0..1 Gnted by iC4. lX'oduces an ROP pu.lse. 

c) This J>Ulse is ·prociuoed in .ver:l su.bsoquen_t 
ald. tL~ of period III. 

2) 
a.) ROF ia p:rodu.cad in every 1114bnquent aJ.d. 

b) Cyc~s tb.e prot;ran ring to stage B. 
ti.'38 of period III U' rOUb.d or~ !:: =?ec1.r1ed.. 

c) Re~>ets the D1 y receiver and the +1 or 
-1 receiver. 

1) Cycle::; pi'Obf'am. ring to sta.ge 1 1) 

2) Oo.ted throush [!jl by a. aisnal fto0t.1 stage 2) 
B ot the progWll. ring produces a. P pulse. 

3) ~ets IJy receiver and DA or Ds receiver 
it the unlike or like a~_ signal 
I'IISJitlctiwly is Clitted. 

l) Cyclo6 !)ror;ro.rn. ring to stage 8. 

· 1) Cycles !'t'OGI"Ulll ring to skg,e 3. 

l) Cycles proga.n ring to stu&e 4. 

l) Cyclo• ~0;7filll ring to sta.ce s. 

1) Oe.ted thrOI&&h @"~by a signal fica s't4;o 
5 ot this prograJII ring resets the fiy 
and D.i, or 03 reooiYera. 

2) Cycle£ the :P"D&t'BJ:: ring to ate..~ G.-· 

1) Ga.ted through ~ by a oigna.l r rom stage 
e ot the program ring prod.~ea 11 signal 
which it,_..Qlted through~~ ley' UO, pa.s.•. oa 
throU&h ~to aet the Dy reaeinr and. 
puaea thraup ~ 1'he aJgnu.l fr'ca ~Jii 
p ...... tl;I'CJU&b. m when the like •i;n 1a 
emitted ami seta the +2 receiver or 
pu••• through m \fhen the unllb •191 
alpl 1a •itted and a.ts the -2 
reoelnr. 

~j These reoeinra l'el:~o.in aet dyriM tdd, tim!! 
3.4.s.o.z. i'hey are re.::et a:t the .~~!!!....!!!, 

adJ. i;ire 7 ( aee be low). Thcretcre, the 
l'lWllllrator D.OOumlllator reoeivea eiti1er the 
denomina.tQl' or its ca:.plement five t_J.mea. 

1) Thus, 1:1" the aubtrClCtion or addition ot s 
t.illl8a the d8ACIID.inatGI' whioh occur• ~ 
&dd.· 'iva i! t.hrsn" z does not pracl~o~.c. an 
overdraft, dyrtnr add. ug lil 1 the quotient 
is inaree.secl (when ll and D have llke a-'911) 
or deozoeo.aed h•hen :; and D have 1111like 
alga) by a units ill the lo.1t place •t the 
r1Gbt u apecltied. by the •attin& or the 
plll088 •1tob. 

At t:he ~ pE eM, s&p 8, Ill P r ... ts 
the +l cr .. r.c•1Wl' end a. CPP reset• the 
Dy receber. · 

I 



PX-14411 

~- --· "·· .. ----·----=~00 IV POR El'l'IIBII DIV~= Oli--:UARE ROOT - IHTI!IUDCX OR NO mrERLOCX PERIOD 

Bequirea 2 add. time•• 1, a. 

~f".~"~ ~T--~~~-=--~=--:~~·:_:: 
1 (ftii. ~-~--t~---o~~nc_id':'l wit·h-~4: .. t-~~~--;; _per~~-~~-

_g 

(7) 

1 
(7) 

2 

l1) 

1) CPP 

2) p 

S) P' 

1) CPP 

2) GP 

3) l'P 

., llPP 

1) CPP 

a) CL' 

: 3) CL 

1 1) 11) 

I a) II&- throup !iii by a signal flo"' I 
at age ·r. • the poogm rtnc; produ.oee 

i an P pulae, · 

I 
h) Dot_, through !!!) by a a1~ flo.., 

ll'tage 7 cr the pro gam. r .lb& pr-oduoea 
an P pulse. 

! a) Seta 1:M · interlock oo:Lnoideaoe tUp..tl~ :a) Thia 1:alrDI on the !niter 1 ock oo inc id.ence 
fii:p-!"lop .aeon. 

3) Reaeta the pulae 10111'08 tlip.-t"lop. 

1) Cl&._, thl'oo&~> IE!Ipr"""oe• a GP. 

3) So that the pulae source tliP-flop neon 
ls turned oa again. 

t'lheae three pulses continue to be produced 
2) O..ted thrOQCb i!iJ or l!jl p-od.uoea a. DP 

or tbrouQl fg or i1il produce• a. SBP. awry Ultl¥ time or period IV but han no 1 

3) Oatlt4 tbrau.gh ~ produoea l 1 P1, L•ttact on the cllvialon or aqun roo't1n&e I' 

4) Oated thr~ ruii._!!!_ ~ PI_ ~aae or , 4.) The clear tlip..f'lop neon goea on at thle 
(iat.d-~hro~ :m .1:!'! t.!!e _f"cU!) ~~ucea: t:b:ie and the interlock coincid.eoce f'Up.. I 
&"'i'Ignai which is ga.tacl through~ to tlop neon goe11 ott. 
aet the clear rU~flop and to reset tblt ' 
interlook oolncidenoe fUp...tlop. ---1 

1) Gated through m by • ai-l & ...... 
oleur tlip-tlop:, produces a CL' pil&a. 

2) ~ a) Gated through IYi! by a aigad tro:c~. the 
interlDck switch, resetts the btuloek 
.tl1P-1'lop. ! 

b} oe.rs e p.rogra..~ ring to s":_~ J. • 
..,. ) Art.-.r -pas sine: throll.J':h buffer~ 

~ecomea a. CL pulse. 

'3) 
a) Resets the clear fliP-flop. 
b) Clea.ra the numerator binary ring to 

a'blge P. 
c) Resets the denaniru:l.tor flip-flop. 
d) Cleara the place ring to ato.p 1. 
e) Resets the program Zing fliP-flop. 

! 

: 4) Sipl resulting rrom : 4) 
the ooincidenae at the : a) 
trana~eiver'a being 

AllOiiiB the carry olee.r gate to paaa to 
the nw~rator and/ cr denominator a.ccu­
mu.lator clear circuits if clearing 11 
specified. 

set and the clear flip­
flop's being sat. 

b) Oa:tea a cPP throu.gh~ to prOY1de a 
reset fllgnal for the tra.naoeivor and a t' 

progr~W outpllt pu.lse. . ) 
a) Gates a CPP to set one ot the .tour a Thws, during the add. time following the . 

divider's pl'cgrarn output pulse, the i •• ..,_. dlapoaal reoei .. ra. I 

I 

· anawr .18 disposed. ot in accordance with 
tbe sett:Ln& or the answer d.Upoaal awitoh. ! 
At -the end or add. time 3, the o..ns•r 1 
dUpoaGl reoainr is reset by a CPP. I : li 

' I 

L
r -- ..... --:I; ~.-~:rloc.k input pulse-1: :,:: :c:i~ wrtil k addition. times e.f'ter add. time 0 ot period IV, th1a 

event and. all eftllts Usted. naxt to add.. time a eDClU" k a441t1on times later thaD tb&t 1D:i1oatec1 in thia table. 

-·- --• --·---- ¥o¥·•-··•• ¥•• ---· --- --·---·-• -·-·•• -,--· ------------ "•••·· • 
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through J9 and either the +2 or -2 receiver on the coincidence of a signal from 

gate Jl2 and either the like or unlike sign· signal respectively. 

6.2. 7. Jhrol"olcgiC'~.J:_..Q'l;~Cdptioii of t!\!, ·C6Jzmoil Prof',l'amrning Circuits. 

• Tables 6-4 .• 6-5, a.nd 6-6 inimliw•iZe the operation ot the Cl'lllmlm program-

ming circuits during perids I, II, and III respectively of a diViSion program, 

The corresponding swm:~aries for the llqU&rill'illiting case are found in tables 

6-7 I 6-8 I 6-9. Table 6-10 SUIIIIIIIl.l'ize&· t.he e'i:ettf.ll· or period lv rw· both square 

rooting and division. 

Below the title, each table carties a statement indioaWng the number 

ot addititm. times required to complet.e the eyents· of the peried. In SOllllil cases, 

the events 111hich oolllll' in the l.il.et addition tiillle of the period al'e Uited in 

th!l cQIIIIIIElnt column. beeide the events of the next to the last· addition time in-

• stead of on a separate. line (e,g, the events of addition tim!l 4, period I fGr 

equQe rooting in table 6-7). This ill done when thll event described occurs, 

net in tbe cOJI)Illon programming circuits or the divider and square rooter, but 

rath~ in an associated accumulator, 

The overlapping of pe!"iod• is also indicated on the tables. For 

example, addition time 3 of period l tor division overlaps with addition time 

d of period Il tor the first ~asic division sequenoe. 1he,rea.tter, addition 

time d OV8l'lape. witlb ttle f&Cond addition time of t.he basic di11'ision sequence o:r 

with the second addition tiu .of thll shi.!t .sequenee. 

• It :ts reciiiiiPlended that tables · 6...4 thr!ll,lgh {,.,.1() be coillp&J'e4. at this 

time, with the ilhlstrative probiem11 in table$ ~ and 6.3. 

P'l'- the tablet!, i>f, &JIJ1811ol'S imediately that the exact number of 

• 
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14+2 (p-2) + 2 (nW!Iber of additioDns er subtractiens of' the denominator) 

and that the :mm'.oer of addition times f'er any given square rooting program is 

• 15 + 2 (p ·· :!_1 • 2 \Nial'e•· of additions er subtractions of the contents of the 

(d!Kminator accumulater) 

where p is thc1 R'IJ!Ib->r· "i' ?laces specified by the setting of the div;i.de-square 

root. SL1ce overdrai't can never nccur in division by zero, division by zero 

consumes an infinite number of addition times. If deneminator equal to zere is 

a computational possibility, the operator should precede divisien programs by 

discrimination programs with the purpose of aveiding such divisions. · 

6,3. NUMERICAL CIRCUITS 

• The 10 stage place ring in the divider and square rooter serves to 

• 
• 

route the numerical data for the partial quotient or ~wice the square root 

into particular decade lines at particular times. The stages of this rinc 

mlllbered 10, 1, 2, , , ,, 9 on PX-10-304 correspond respectively to decades lO,. 

9, •••• l of an IILpcuaulator, The plaee ring neons nllllberod lO, 9, •••> l on 

PX-lQ-302 correspond respectively to stages 10, l, 2, ••• , 9.of the place rtns. 

It ie to be noted that in period II fer division or square reeting respectiYely, 

! l or ! 2 units are put into the 108 decade place of the answer first, A digit. 

different frem zero (or the ce111ple111ent of zero if the quotient is ne;;ative) 

9 occurs in the 10 decade place of the answer only if the divider and square 

rooter puts in more than 10 pulses before the first shirt sequence of period II 

t<li'rovided that the divider md square rooter need net mark time waiting fer . an 
interlock input pulse, 
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o~, if 10 pulses are put in b~fore the first shift, and carry over from the 

a.io.i+Jon c ~ cne 'J!' t~•o p·~lses at the end of rQund off cause earry over to the 

10t'.l r:e-:r.cJc: pLcJ l'c:t; 1'<Jm'. n·.Jl!lber~d 10 on PX-10-302 nmrer lights, 

·\·i· t::~ '":"i '_,_. :; J:i_ •r:der and square rooter progrcm this ring clears to 

s~av,::> 1. 'Jt•r·l _. •e :;r· .· : _,;,l-3•> ;)!' a program, the place rL"lg can be cycled only 

durinc pHid II ·nO:: t.:-1.• n, only at the end of the first additi'm time (s + 1) 

J<' a".<'-h "hL.'t ,,c;~ ~C-·' . .:.E', Tho cycling of this ring is accornpUshed by the 1 1 P2 

p~J.6" v;:u ·~-:, i J p· .• c:l•,ed when the 11 P1 pulse (see Section 6,2,2.) is passed 

t;1::-:>at;h L4~ t-y· 3 . ..:i~01al from the Sa. receiver. 

While the place ring has been classified as one of the numerical 

circuits, one of its functions is purely a programming function, stages 3, 6, 

7, 8, and 9 of the ring are connected respectively to gates C41, B41, A41, A42, 

and A43. The second inputs to these gates are connected respectively to points 

4, 7, 8, 9, and 10 <>f the divide-square root and places switch, Upon thtl coin­

cidence of a signal from the place ring and the divide-square root and places 

switch, the appropriate gate emits a signal which allows an S pulse ta pass 

through gate E6, The resulting SS pulse terminates period II by flipping the 

pulse source flip-fbp into the abnormal state, 

The place ring carries out its numerical functions by its control of 

the 2 sets of answer output gates (B through 142, and B through 143), One gate 

from the group with No, 42 and one from the group with No,.43 is connected to 

each stage of the place ring, The second input to these gates comes from a 

line carrying digit pulses gated through the 1, 2, 2•, 4, 9, and 1' pulse gates 

by the setting of the +1, -1, +2, or -2 receiver, 

The routing of digit pulses into the appropriate decades by the place 
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ring can probably best be explained by means of numerical examples, Let us 

assume that at some time in the course of a computation the place ring is in 

stage 2 (this implies that one shift sequence has been completed thus far in 

the computation) and that the +1 receiver is set at the end of some addition 

time d+l or period II, Then, in addition time d+2 1 gate L46 passes the lP and 

all of the other gates ef this group are closed, This single pulse is delivered 

to all of the gates B through 142. Since the place ring is in stage 2, however, 

the only open gate of this group is J42. Therefore, one pulse is emitted in 

decade place 8 (corresponding to the 107 decade of an accumulator) and no pulses 

are emitted over any of the other leads of the answer output terminal. 

Next, let us consider another case, Suppose that the place ring is in 

stage 2 and that the -2 receiver is set at the end of some addition time r+l of 

period II, Then in addition time r+2, 7 pulses formed from the 1, 2, and 4P 

• passed through gates K47, J47, and H47 respectively are delivered to gates B 

through 142, the 9P passed through gate G47 are delivered to the gates B through 

143 and to the F\1 lead of the answer output, .aDd the J..l,p paesed through B46 is 

delivered directly to the answer output lead for units decade, Sinoe the ring 

is in stage 2, gate J42 is the only open gate of the group B through 142 and 

gate J43 is the only closed gate of the group B through 143, Thus, 7 pulses are 

emitted over ~ead 8 of the answer output terminal and 9 pulses are emitted over 

all of the other leads including the PM lead. In the first half of addition 

time r+2, then, the denominator accumulator receives from the answer output 

• terminal of the divider and square rooter M 9 979 999 999. At the time of the 

l•P during addition time r+2, the 1 1P passed through B46 is put into the units 

decade place of the answer output so that by the end of addition time t+2, the 

• 
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denominator accumulator ~eceives from the divider and square rooter 

M 9 980 000 000 which is the complement of 2 in the 107 decade place, 
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It is to be noted that in the divider and square rooter as in the high-

speed multiplier, standard transmitters have not been used in the answer output 

circuit, Thm·e.•ora, the numerical dat& for the answer must be dalivered to the 

quotient or· d·•nor•ino.tor accumulator via either a digit tray used for no other 

purpose or else by means of a special cable made for this purpose, No load box 

i~ used on this digit tray, 

6.4. INTERRELATION OF THE DIVIDER AND SQUARE ROO'fER AND ITS ASSOCIATED 
ACCUMULATOR, 

6,4,1. Interconnections for numerical data. 

PX-10-307 shows the interconnections which must be made among the 

accumulators associated with the divider and square rooter to carry out division 

or square rooting programs when arguments of 10 or fewer places are involved, 

Divisions involving arguments with from 10 tl> llO places may be handled by inter­

connecting accumulators 3 and 4 (for 20 digit numerators) and accumulators 5 

and 6 (for 20 digit denominators), In this case another digit tra.t is used to 

connect the add o~tput terminal of the right hand numerator accumulator to the 

~ input terminal of the right hand shift accumulator and a second additional 

tray to connect the add output terminal of the right. hand shift accumulator to 

the y input terminal of the right hand numerator accumulator, If the denomina-

tor has more than 10 digits, the add and subtract output terminals of the right 

hand denominator accumulator are also connected into the latter tray. 

It is to be noted that no mention has been made of interClOnnecting a 

pair of accumulators to accumulate quotients or tw~oots having between lO 
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and 20 places, The reason for this gJDission is that the divider and square 

rooter is incapable of finding such answers in one oper~tion because the place 

ring has but 10 stages and the answer output terminal but ll leads(and a ground); 

Quotients with between 10 and 19 pl~ces can be found by performing 

2 division programs serially. With the divide-square root and places switch 

of the program control used for the firat division set at 10, 9 or 10 places 

(depending on the relative placement of the numerator. and denomin~tor in the 

aPgument accumulators - see Section 6.4.3) of the answer are found. The rou~d 

off switch of the first program control should be set to NRO and the argument 
I 

accumulator clear switches to 0, When the first division program is completed, 

the quotient as thus far obtained is then transmitted from (and cleared out of) 

the quotient accumulator to tho left hand accumulator of a pair external to the 

divider and square rooter system. The left hnnd accumulator of this pair should 

be stimulated to receivH this quotient through some input che.nnel, say G. Then 

the e1 input terminal of the right hand accumulator should not be connected to 

the same tray as the A output termimll. of the quotient accumulator. Bpcause 

of the setting of the round off and argument clear switches, the divider and 

square rooter can then proceed on its second program, the division of the re-

mainder from the numerator by the denominator. The quotient obtained in this 
8 

way contributes 9 more places of the answer. The number stored in the 10 decade 

place of the quotient accumU:htor after the second division belongs in the 109 

decade place of the right hand accumulator and the number stored in the 109 

decade place of the quotient accumulator belongs in the units decade place of 

the lett hand accumulator, If the numerator and denominator before the first 

division program have like signs, the rc~~inder from the numerator after the 
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• first program and the denominator have unlike signs so that the quotient obtained 

by the second division program is necessarily negative. Therefore the second 

• 
quotient must be tre.nsmitted to the pair or interconnected accumulators with its 

sign indication, The second quotient may be properly received in the pair of 

a~cumuletors if these accumulators receive the second quotient from the quotient 

accumulator through an input channel different from the one used for receiving 

the first quotient, say the ~ input channel and the p input terminals of both the 

left and right hand accumulators should be connected to the tray to which the A 

output terminal of the quotient accumulator is connected. Special adaptors and 

shifters must then be used at the ~ input terminals or the right and left hand 

accumulators. The right hand accumulator's ~input terminal should have plugged 

into it a shifter which shifts the data one place to the left, The left hand 

accumulator's ~input terminal should have an adaptor which connects the left 

• hand accumulator's PM input and 109, 108, ••• , 10' decade place input l~ads 
to the PM line of the digit tray and which connects the 10° decade place input 

• 
• 

9 * lead to the 10 decade place line or the digit tray. 

If 9 or 10 decade places or twice the root are found by a given square 

rooting program, it is possible to find about as many places again of the root 

*If it is known that the numerator and denominator for all division programs will 
always have like sign and if the first division program is stopped after 9 places 
instead of 10, then the denominator and the remainder from the numerator again 
have like sign so that the quotient obtained from the second division is 
positive, Under such circumstances the second quotient should be so shifted that 
information from the loS aod 109 decade leads of the quotient accumulator add 
output is received in tho units and tens decade places of the left hand accumu­
lator and the other digits or the second quotient aTe received in the right hand 
accumulator shifted over two places to the left. The connection~ of the PM lead 
or the output of the quotient accumulator to the PM and 109 - 10 decade .pkce 
le••iis of th~ input to the left hand accumulator may obvi.e11e]¥ be omitted • 
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(notice, not twice the root) by dividing the remainder from the radicand by 

twice the root as thus far found, The procedure for obtaining the final 

answer in a pair of interconnected eccurnulators external to the divider and 

squ:cre rooter systom of accumulators is similar to th~.t for the case discussed 

n.b'1':e for division, However, if it is desired to accumulate the root in the 

pair of intt~rconnected accumulators, twice the root (resulting from the first 

progran) should be multiplied by 0,~ before its reception in the left hand 

accumulator o.r, if it is desired to accumul!•te twice the root in tho final 

accumulator, the quotient (resulting from the second program) should be 

multiplied by two before its reception by the pair of interconnected accumulators, 

6,4,2, Interconnections for Progr:wrning Instructions, 

PX-10-307 shows the interconnections which must be established botweert 

the dividor and square rooter and its associated accumulators for the purpose 

of communicating progr~ning instructions, For information about the wiring of 

the various pragran terminals on the divider and square rooter see PX-10-108, 

and far the wiring of the accumulator interconnector terrninLls which receive 

signals from the divider and square rooter program terminals see PX-5-105, 

On PX-10-100, su2 refers to the a uotient accumulator e.nd shirt accumulator 

prograo terruinal, su3 to the denominator-square root accumulator program terminal, 

and SV to tho numerator accwaul<.'.tor interconnector terminal. ST1 and su1 on 

PX-5-105 refer to the accumulator interconncctar terminels d"si.gnated by I11, 

and I12 r"spectivo~.y on PX-5-301, 

The numerator accUI'~ulutor intorconnector tc:rnlmcl o~ the divider and 

squar~ rooter is connected directly to the left hand interconnector terminals 

on the numerator accut1ulator by means of the numara.tor 9-ccumulc·.tor interconnector 
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cable shown on PX-5-132. Tho correspondence of the points a and ~ on the 

numerator accumulator switch and the a and ~ input channel receive circuits in 

the n·~erator accumulator is established by_the wiring of the plu~gs of this 

Adaptors which will be discussed further below are plugged from the 

rie:~wmin8tor--square root accUMUlctor· program terminal and frOI!l the quotient and 

rh:ift o.ccumulator program termin<ll to two different digit tre.ys, The denornin1'.-

tor· s1ctare root accumulator interconnector cable shown on PX-5-·136 ov.rries 

pr')f't'-'l.tlming instructions to the denominator-square root accumul<•.tor 1 ~; 10ft hand 

:;.nt-~rc,nnector tEo:rminals fr:)fn the trR;r connected through an ad~.ptor to the C::ividc-

~qur.re ro.ot accumulator program terminal on the divider, The quotient c.cc•unu.la-

tc,.. .i.ntcrconnector cable shown on PX~S-134 and the shift accumul>:.tor i.ntor-

cormc~tor cable shown on FX-5-.135 carry instructions to the quotient and shift 

o.r~Er!JJll2brs' loft hand intcrconnector terrn:i.nals respectiveiy from the digit 

tray C(·nnocted through an adaptor to the quotiunt and shift £'.ccwnul1:.tor program 

terminal on the divider and square r"oter, 

Tho adaptors referred to in the preceding paragraph are shown ort 

PX-4-114 A, B, ~.nd C, These adaptors may be used interchangeably at either 

the denominator-square r::>ot accumulator progra.ut terminal or at the quotient 

and shift accumuJ.at.")r progran terminal, Leads 1-7 on the plug anri socket of 

all the adaptors 8rr. ·~ired in the same way; but, to provide flexibility in the 

neani.n"s ·,ss~.gll:>C: ';u -~,he points 1, 2, 3, and 4 on the answer dj.sp•·sal sw:i.tch, 

some or ai.] ~i.f lea~~~ 8~ 9 10, and 11-lf- on the plug ~r·· l"J.:rf.'!d i:-! cL...f'f .. .:re:.1t. wDys 

*Le'J.c's 8 ar~d :'..0 on ':hequ ,ti<.;nt and shift accwnul.c,cr7 p~--~?.I::-t:(."rr.l:rn-:-0 .;:··rrr·late 
witt. !Jui-l.ts l anc'. 2 of tho answer disposal switch, :.mf lc.arlr- 8 e.'lc: lO or: the 
de·.wmin&':.,r-sq'Hlre roc•t. accumul£.tor prograr.t t"rminal c.:>l:'reln.tc with poir,ts 3 and 
4 of tho answer disposal switch, Loads 9 and ll on both prol'r•'Dl terr!inals .l!r<:'lssoci­
ated respectively with 8 and 10 for answer disp::>sal instructions which involve 
clearing, 
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to leads on the sockets of the various adaptors. 

Vlhen used with the standard quotient accumulator interconnector cable 

(PX•5-134) or deno~nator square root accumulator interconnector cable (PX-5-136) 

the a.dnptors referred to provide the following answer disposal options: 

PX·-1.-l:u.A 

PZ··4-ll4B 

PX-!,-ll4C 

(transmit additively without clearing 
\transmit additively with clearing 

!transmit additively 
\transmit subtractively 

f transmit additively with deHring 
\transmit subtractively Ylit.h cLJr·rirg 

~<- i~.l·l~t!"Lt•J the way in which these adaptors function let us 'lonside1· a caee 

.:.n ·.;bbh .1daptor. PX-4-114A is plugged into the quotitmt accur.t!4lator an l s'u.ft 

arcurrulr.tur program terminal and adaptor PX-4-114C into the denom:1.na~rr-squara 

rc.ot a'lc,u!'lulator program terminal. Then the points on the answer c.:isposal 

sv.L.ch ha·1e the :f'ollcwing meanings: 

' - trnnsnH th·• quotient additivGly without clearing 

;,: tr;_n.,nit the quotient additively with clearing 

3 - t::-ansrni.t t1vice the root additively with clearing 

1,. - tr~·nsmit twice the root subtractivcly with clearing 

For conputations in which other answer disposal option COI!lbinations than those 

;Jro·ddecl b~r the J C~.dapt.crs dP-scribed above are needed, adCii·~.ional adaptors can 

be ct•.stom nado, 

• 
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From the tact that the divider and ·square r~oter place ring allows 

8 
one unit to pass to the 10 decade ,,f the t'wo NOt accumulator at the beginning 

of a square rooting program, it is obvious that the divider and square rooter 

proceeds on the assumption that the dec~l point of the radicand occur~ an 

even number of places (either right or left) from the PM place or the numerator 

accumulator, The operator· therefore, must aligta the radicand in the nUI!Ierator 

accumulator so that 'CHE DECIMAL POINT OF THE RADICAND OCCURS AN EVEN NUMBER 0~" 

;>LACES TO THE RIGHT OR LEFT OF THE NtB.!imATOR ACCUilULATOR 1 S PM POSITION. 

A comparison between the square rooting example in Table 6-3 and the 

examples in Tables 6-11 and 6-12 also points to another consideration concerning 

the placetnent of the radicand,. Examples ;. and B show radicands placed so that 

the correct answer will 'be obtained, Example C shows a radicand placed in such 

a way that the divider and square rooter cannot possibly obtain the correct 

anper, The examples in Tables 6-11 and 6-12 have all been carried through the 

first addition time of the first shift sequence since the reason for the impos­

sibility of ·example C shows up at that time, In. exE~mples "' and B (and also in 

table 6-3) when the remainder from the radicand is shifted the 9 at the extreme 

left is thrown awa,, This 9 (preceded by sign U) is not a significant figure 

since it is nerely the aomplement of a non-significant zero at the left, In 

example C, however, the fiEUre 8 at the far left of the remainder from the 

radicand is thrown away when shifting takes place. Thill figure (preceded by 

sign U) 1 the complement of the digit 1, is a significant figure. Therefore, 

when the basic square rooting sequence is resumed after the completion of the 

shift sequence 01it will be resumed with an incorrect remainder from the radicand, 

A significant ftgure of the remainder from the radicand will be thrown awa, in 
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the first shift sequence whenevur the first two decade places at the extreme 

loft of the radicand accumulator are uccupied by the numbBr 25 or any greater 

numbero Therefore, in gener11l, l..T LEi.ST ONE ZERO SHOULD PRECEDE THE FIRST NON 

ZERO DIGIT (at the extreme left) OF TllE RJ.DIC.i..ND, 

If the radicand's decimal point occurs n (positive to the right; 

negative to the left) decade places from the PM, the decimal point of twice 

the root occurs n 
2 

of table 6-3, if the 

* ~ places from the PM. For exaJnple, in the computatio'l 

decimal point is considered to occur between the digits 1 

and 3 of the radicand, then n is 4 and the decimal point of twice the root C'CC•ns 

3 places to the left of the PM or after the digit B. The rule given above may 

be derived from considerations arising out of the material in Table 6-1, 

From the fact that the divider umits +1 or -1 unit in the lOB decade 

for every repetition of tho basic division sequence until th~ first shift 

sequence of period I, it can be seen that if the first non-zero digit at the 

left of the denominator occupies the same decade pl~ce of the' denominator accu-

mulator as the second (from the left) non-zero digit of the numerator does in 

the numerator accunulstor, then the first (from the left) non-zero digit of 

the quotient occupies either the first of second decade place to the left of 

the PM in the quotient accumul~t0r (see Section 6,3). If the standard alignment 

of the denominator is defined to mean the alignment in which the first non-zero 

digit of the demminator •Jccurs one decade place further to the right than does 

\he first non-zero numerator digit, then shifting the denominator k places to 

the left or right of the standard alignoent, results in shifting the alignrn.ent 

of the quotient k places to the right ur left respectively of the position 

described ll.bove, Since with the standard aligrunent of the denominator, the 
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first (fror.~ the left). non-zero digit of the quotient may occupy the extreme laft 

decade of the qu'>tient accumuhtor, it f'111-Jws immerliately that THE FIRST (froo 

the LEFT) NON-ZERO DENOI.fi!!;.TOR DIGIT MUST tJJ;iiER OCCUR IN .i DEC .. DE PLJ..CE 'IWO 

OR MORE TO THE RIGHT OF THE DEC;•DE PL.,,CE OF THE FIRST (from the LEFT) NON-ZERO 

DIGIT OF THE NmlliR .. TCR or else the qu•1tient oay exceod the capacity of the 

quotient accumulator. 

Another restriction on the placement of the denominator is that THE 

FIRST (from the LEFT) NON-ZERO DENOl!U:;.TOR DIGIT MUST NOT OCCUPY THE 

F.:.R LEFT DEC.-DE PLf.CE OF THE DEN<l!HT •. TOR ,.CCUI.IUL.'.TOR. The re'1son for thi" 

restricti<m is sinilar ta the reasr.n f··;r nat placing the first non-zero radic11.nd 

digit in ·the extreme left hand decade plr.ce of the numerat0r accumulat-Jr (see 

Table 6-12). If this rule is violated, a significant figure of the remainder 

from the numerator r.l1l.y b<J discarclod when th.- first shift sequence of period II 

occurs, 

If the decimal p•)ints of the numerator, denominat,-,r, and guotient 

respectively e>ccur n, d, and q places fr•Jn the 1".4 place (where n, d, and q arc 

positive when counted t.)ward thu right from thu PM place), then q may be pre-

dieted by the following formula: 

q = n - d + 2 

The f::>llowing tr,bulation based c.n the extunple in table 6-2 illustrates this rule. 

: 
d I Numera.t~>r n Denominator ' l<u•Jtient q 

i 

p 0 209,070 000 4 p 0 2~}0 000 000 a I P 0 091~000 000'. 3 ~ 

-
3 I P,O p 0,209 070 000 1 p 0 23,0 000 000 091 000 000 0 

I 

! 
·p 0.209 070 ooo I 1 1 p o 230. 000 000 (P.O 091 000 OOO)xlO -4 -1 

-
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6. 5. ILLUSTRJ,TIVE PROBLEM SET-UP 

Table 6-13 contains instructions for setting up the unit.s of the ENIJ.C 

to carry out a computation illustrating typical situations which arise when the 

divider and square rooter is used, The symbols used in this table with reference 

~o accumulators nnd the high-speed multiplier have been previously taken up in 

chapters II and V, The master progr~~or is used in this set-up to route a 

progr!IJII pulse recci ved by it over a given progr'llll line ( 1-2) into 3 different 

program lines (2-4, 2-5, and 2-6) on 3 different occasions, Fur details con­

curning this use of the ma.ster progrrunmer see Chapter X. The instructions to 

the mcster programmer appear in the double column immediately after the addition 

time column of Table 6-13, The first hdf ·~f the double column shows the input 

tenninal to which the program pulse froEI line 1-2 is delivered, The second half 

of the column designates the program output tenninal (A1o, A2o, or h
3
o) tlwough 

which the master programmer delivers the program output pulse and the program line 

tp which the progrwn pulse output terminal is connected (2-4, 2-5, or 2-6). 

The set-up table instructions given to the divider and square ro"ter 

occupy 5 levels, These instructions appear in the following order: 

1) on the first level, i-j represents the program input pulse 

and~ the program.control number 

2) on the second level, 

the first pair of symbols rtJpresents the numerat•>r accumulator re­

ceive nnd clear switch settings, 

the sec:md pair r)f symbols represents the denominator accumulator 

receive ~d clear switch settings, 
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the last symbOl represents the answer disposal switch setting (1, 2, 

3, 4, or 0), The code for 1-4, which depends on the adaptor used, is 

given at the head of the divider and square rooter 'column, 

on the third level, 

the first pair of symbols represents the setting of the divide-

square root and places switch, 

the next symbol represents the round off switch setting, 

4) on the fourth level the setting of the interlock switch (I or NI) is 

given, In interlock programs the program line from which the inter-

lock pulse is received is noted in a parenthesis next ·to the symbol·! •. 

5) on the fifth level, which is written on the line for the addition 
i~ 

time which represents the last one of the program, the program out-

put·pulse is written, 

For example, the group of symbols shown at the left below describes the 

following 

I Add,. 
Time 
I - 5 

f-· 

instructions: 
, Divider 
:11 K AC 3 - AC i 
:• 2 .. sc 4 - sc 
! 1-1 1_2) 
' 11C 00 4 I 
I R8 RO I 

~ I (2-6) ! 

' 
' 

II 
I 
I t-End of 

div, program I 
II- 1 ! 

' 4---- I 

In addition time I-5 a program pulse 

from line 1-1 stimulates control 5 to 

carry out a square rooting program to 

8 places with round off. The radi-

cand is received via the 11 input 

channel of the numerator accumulator· 

and the numerator accumulator is 

*The practice adopted here with regard to counting addition t~es is to identify 
addition times by a roman numeral and arabic numeral,. A new rot.lan numeral is 
used when a division program is completed and addition times are then counted 
frlllll arabic numeral 1 again • 
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cleared at the end of the program. The interlock pulse is received from 

p~ogr~m :.ine 2-6, At. the end of the progr~llll a program ou~.put puJ.se is emitted 

ovw }in" 1--J, Twice the square root i~ disposed of subtractiv•~ly from the 

d<1nor'li,-ntor ar.cutnulatcr v.h:i.ch is then cleared, 

T".1e "onventions used with reg~rd to the divider and square rooter in 

set-up ,Jiagr'l."!lS ~"e explc.ined in Figure 6-1 and these relating to the llliJ.ster 

progN~"!lr.ter in Figure 10-1 of Chapter X. 

T~1e computation de~cribed in Table 6-13 sonsists of forming X where 

3 3 

> 1- l ._- -- L 

' "L- -+ (_ . (. X 
It is assumed that the quantities a, 2b, o, d, x1 , x2, e~d x3 have been formed 

before this computation tegins und they are stored in the units indicated in 

the table on the line corresponding to addition time z~ro. The ranges of these 

quantities are indicated on the table ~d the fact that a quantity's decimal 

point occurs n decade p-le.ces from the I'M is symbolized by [n.} where n is positive 

when counted toward the right. 

The computa.tion of 'fa begins in addition time I-1 and the computation 

~ 
X. proceeds in parallel with this, Only two program controls on the ef 

I 

high-speed multiplier are devoted to the 6 multiplications involved in forming 

) J 
·- Xi, • To do this, however,·] stages of master programmer stepper A (see 

Chapter X) and 3 dummy programs (set up on program controls 5, 6, and 7 of 

accumulator 9) are used. ~lhile approximately the same emount of equipment is 

required 3.s would be the cBse if 6 multiplier programs were used, this procedure 

may be desirable in computations where so many multiplications are performed 
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that multiplier program controls are at a premium, 

Program control (2) of the high speed multiplier is used for the 

computation of Xi 3• One addition time before this eontrol is stimul~ted, how­

ever, the accumulator which stores the particular x. needed is stimulated to 
~ 

transmit twice to the ier and icand accumulator, Since the high-speed multi-

plier is stimulated in time for only the second transmission, the ier and icand 

accumulators receive not~ but only xi' 

xi3 is formed immedi~tely after ~2 through the use of high-speed multi­

in the ier accumulator from plier progrrun control @ . The number x. remains 
~ 

the previous multiplication and.~2 is received ir. the ice.nd accumulator from 

the final product accumulator, When this multiplicotion ts com:oJ.etcd, 2xi3 is 

transferred to accumulator 12. The multiplier is ~~du to st~~ulate the disposal 

of twice the product stored in the product accumulr,tor by setting the product 

disposal switch at SC and connecting the SC output terminal on panol 3 of the 

multiplier to a program control on o.ccumulator 13 which is instructed to trans-

mit t~o times additively with clearing, 

The me.ster progr~mmer in this problrJm serves to pick out the argument 

which is to be used whenever multiplier program control (2) is to operate and 

indirectly stimulates the performr,nce or non-performance of the program set-up 

on multiplier control.~). The former action occurs because the master program­

mer's output pulse is d~livered to a program control on the appropriate accumu-

later; the latter effect occurs because the master prograr,uner' s output pulse 

is delivered to dummy program controls whose output pulses, in turn, are 
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delivered to progr~~ control ~as long as this multiplication prograQ is to 

be repea.ted, it.fter the third sequence ,,f two multiplications has been performed, 

the output of the master pr::>grammer is delivered to the interlock pulse input 

terminal of the divider and square rooter to inform this unit that 2 ~xi3 

has been f·,rmed and that the division of 2 IT + 2 Lxt3 by 2b can take place 

whenever the divider and square root~Ur has coopleted the f:>rr.mti:>n of 2 'Y'ii: , 

\'/hen the d.i vidor and square rooter has c:Jmpletcd the C'Jr.iputation of 

2 Ya the result is transmitted (during addition time II-l) to aceumulator 12 

which has been st-1ring 2Lxt3 , In the next addition time, the divider and 

square r'Dter cornoences the divisi>m pr0gram (set up on program control ® 
and the high speud r.~ultiplier begins the multiplication of c x d (set up on 

prcgram C•)ntrol Q'J>), tlhen the multiplication program is completed, c x d 

IT+L ·3 
is transferred to accUCiulator 12 which also receives A b XI. when the 

division progran is completed, Thus, by the end of addition time III-1, 

accumul~t:lr 12 stores x and er.lits a prograr.~ pulse (carried on line l-7) which 

c:'!.n be used to stimulllte the next computRtion sequence if any • 

l 
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VII FUNCTION TABLE 

The ENIAC contains three function table units each of which can be 

~ used to store values of one or more functions tabulated against an independent 

variable and can.be programmed to look up and transmit the values so stored, 

The function table is useful not only fOr storing and selecting values of a 

function (as the term is ordinarily defined) but also makes it possible to 

store and have readily available any numerical data which can be tagged with 

~ 

• 

two digit numbers increasing monotonically between 0 and 99. Thus, a function 

table could be used to stQre the coefficients and constant terms of a system 

of simultaneous equations or programn1atic information, The function table 

requires ~+4 addition times to look up the value of a function and transmit it 

repetitively r times. 

The following pages will be concerned with: program controls (7.1) 

common programming circuits (7.2); numerical circuits (7.3); storage of pro­

gramming informati;'n in the lun~t.ion tabi.e ~ 7 ,4); and illustrative 

problem set-ups ~7.5). Reference will be made to the foll~ing diagrams: 

Function Table Block Di~grem 

Function T~bl3 Front View 

Function Ta1,1e Front Panels 

7 ,Q, GENERAL SUMMARY OF THE FUNCTION TABLE 

PX-7-304 

PX-7-305 

PX-7-302, 303 

The function table can store 104 entries of one or more functions 

with each entry associated with an ~rgument between -2 and 101, By an entry 

is meant 12 digits any one or all of which may v:·.ry from entry to entry and 
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two signs, either variable or const&nt, In addition, 8 digits, constant 

throughout the range of the table, may be set up manually on switches, 

If a is the argument (where o ~a~ 99) and f (9.) is the information 

stored in the function table line corresponding to value a of the argument, 

the function table can be progrenuaed to look up f(a-2), f(~-1), f(a), f(a+l), 

f(a+2), or the complement of any of the preceding and, furthennore, can be 

programmed to transmit the number looked up repetitively from 6ne to nine 

times, Four addition times are required for looking up the value of a function 

and one more addition time is needed for each transmission of the functional 

value, 

The function table can also exert some program control on the accumu­

lator used to store the argument since it is capable of transmitting a program 

pulse to stimulate the argument accumulator to transmit the argument to the 

function table nnd then either to clear or not clear. In addition, the 

function table is capable of receiving a pulse which will stimulate it to 

carry out the operations noted above and then, of transmitting a progr~ 

output pulse. 

The physical appearance of the function table can be seen on 

PX-7-305. The fuMtion table h:\s the two panels shown here and in addition, 

a portable functioa bbln ( sc:;e ENIAC Floor Layout, PX-1-302) which extends into · 

the center of the floor, As its name implies, the portable function 

table can be moved around and, any of the tables (A, B, C on PX-1-302) can 

be used with any one of the function tables. The porte.ble function table will 

be discussed in greater det:Ul in Sec. 7,3, 



• 
• 

:e 
' 

• 
• 

VII- 3 

In its s:omponent.s !\nd method .of operation the function table is 

very much like the high-speed multiplier.. The numerical circuits consist 

of a portable function table (analogous to the multiplication tables), argu­

ment counters, argument input gates (analogous to the ier selector gates), 

table output gates (analogous to the coding gates in the high-speed multiplier), 

and the 1, 2, 2', 4, and 9P gates. 

There is a difference, however, between the high-speed multiplier 

and the function table in the way in which the argument is fed to the fUnction 

table. Here, the argument is delivered in pulse form (rather than in the form 

of static outputs) to the function table where it is set up in the argument 

counters (a decade ring counter for units place with carry-over to the 11 stage 

counter used for tens place of the 11rgument). The argument input gates are 

then set up by the static outputs of the ai'fllllllent counters in the fUnction 

table. 

The function table 1 s numerical circuits also include 8 constant 

digit switches which have a purpose similar to that of the ·table output 

gates except that the former are used only for digits which remain the same 

throughout the table. A sign which remains constant over the whole table can 

be set up on one of the two master PM switches. The subtract pulse switches 

make it possible to transmit the l'P over the leads for certein places when 

the function table transmits subtractively so that complements with respect 

to 10 can be emitted. 

The common programming circuits of the function table consist of 

a 13 stage program ring aihalagous to the progrwn ring in the high-speed multi­

plier, the argument correct gates (F-L44) which make it possible to look up 



• 
• 

• 

• 
• 

VII- 4 

f(a-2), f(a-1), f(a), f(a+l), f(a+2), the add and subtract gates and the 

flip-flops (C and D 46, 47) they control which make it possible for either 

the function or its complement to be looked up, and the argument flip-flop 

which controls the setting up of tens place of the argument in the argument 

selectors. There are also circuits for clearing the progrl!lll ring and the 

argument counters, end for resetting flip-flops, The C and NC transmitters 

and their output terminals on front panel l which can deliver a pulse to the 

argument accumul~.tors to stimule.te transmission of the argument may also be 

counted amon8 the common progrrumming circuits, 

The programming circuits mentioned above can be operated by any one 

of the function.table's eleven progr~~ controls, Each program control includes 

a transceiver with program pulse input ''nd output terminals on front panel l 

correlated with an operation switch, an argument clear switch, and a repeat 

switch, 

The r+4 addition times required for the looking up of a function 

and its repetitive transmission r times &re spent in the following way: 

0 Program input pulse is received 

l Function table emits C or NC program output pulso to 

stimul,•.te transmission of argument, 

2 

3 

Function table receives digit pulses for the argument, 

Argument stored in the argument counters of the function table 

is corrected to the value specified on the operation switch 

4 Appropriate line of the portable function table is activated, 

5 Functional value is transmitted for the first time, 
/ 
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4+r Functional value is transmitted for the rth time and 

a program output pulse is emitted after the rth trans~ 

mission. 

7 .1. PROGRAM CONTROlS 

I. pulse recoivcd at one of the 11 program input terminals of the 

function table stimulates the function table to carry out the progr:m set up 

on the progr~m switches of the control of which thct input te:rmin~.l is e. part. 

Each progr1ll:l control offers tho opcrDtor options us to: 

1) which of five ~·linEJs 11 of the table is to be entered for a given 

value of thFJ ?rgummt, 

2) whether the entry tabulated on th~ specified line or its 

complement is to be looked up nnd transmitted, 

3) whether or not trensmission of the ~gument to tho function table 

is to be stimulatec by the function table, 

4) the number of times (from 1 to 9) in succession the function 

table is to transmit tho v~·lue looked up. 

The function table follows the program instructions set-up on the 

control in a fashion similar to that discussed previously (sElc accumul~tor and 

high-speed multiplier, for Elxamplc), A pulse received at an input terminal 

flips the flip-flop of the transceiver into the abnormal state. As a result, 

signals from the transcciver·._(indirectly through invorters r.nd/or buffers) 

pass through the progrP~ switches and then proceed to cause the common program-
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ming circuit-s (see Sec, 7,2,) to operate appropriately, As in units previously 

discussed, also, the reset signal for the transceiver's flip-flop comes from the 

unit 1 s program ring and passes through the repeat switch of the control, hfter 

the function has been transmitted the number of times indicated by the setting 

of the repeat switch, the flip-flop is reset and a program output pulse is trans­

mitted, 

It is to be noted th~t the program output pulse is emitted after the 

function is transmitted, Therefore, the output pulse cannot be used to stimu­

late an accumulator to receive the function, but a pulse fro.'!\ some other source 

must be provided for this purpose four addition times after a function table 

tr~.nsceiver is stimulated, 

Program noons on front panel l (see PX-7-305) each correlated with 

a program control enable the observer to see which program control has been 

stimulated at a given t~ne and, hence, which program should be in operation, 

7,1,1. The Operation Switch 

The operation switch has ten possible positions, The five left hand 

(add) positions are used when it is desired to transmit the value tabu.ated on 

a certain line; the five right hand (subtract) positions specify transmission 

of the complement, If a is the argwnent received in the function table (where 

o ~a~ 99), the setting -2, -1, ••• ,or 2 respectively specifies that line 

a-2, a-1, ••• , or a+2 of the portable function table is to be entered, 

The function table is especially well adapted to interpolation by 

means of algebraic interpolation polynomials of degree 1, 2, 3, or 4 since, 

by setting up several program controls, the operator can readily produce func­

tional values for values of the ~rgument surrounding the one for which the 
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interpolation is being carriud out, Interpolation of degree higher than the 

fourth can also be done, However, in order to obtain severe.l of the entries 

required f,or such higher degree interpolation, the argument must be changed 

before its transmission to the function table, For example, to interpolate 

by means of the Newton Gregory forwc.rd interpolation formul~ out to sixth 

differences requires f(a), f(a+l), ,,,, f(a+6). The entries f(a), f(a+l), 

f(a+2) can be obtained in succession by using three program controls with 

operation switches set at 0, 1, 2, <.nd by feeding a to the function tablo, 

The rellli!ining entries nay be produced by fanning a' = a .. 5 in the r.ccwaul<,tor 

in which the argument is stored and then using program controls set-up to 

produce f(a 1-2), f(a'-1), .,., f(a'+l), 

7.1.2. Argument Clear Switch 

The s.rgument clear switch ce.n be sot at C, NC, or 0, If, on a given 

program control, the switch is set at C or I~C, at the end of the first addition 

time, a program output pulse is transrxl.ttcd from the correspondingly labelled 

terminal on front panel 1 (see PX-7-302). If, the argument clear switch is 

set at 0, no pulse is transmitted from eith~r the C or NC progr~ pulse out­

put tenninals, 

Tho operator can utilize the C or NC pulse to stimulate transmission 

of the ~.rgument to the function te.ble by connecting the C a.nd NC terminals to 

suitably set up program controls on the argument accumulator or accunulators, 

If the ergument for a given function table is always stored in one accumulator, 

the C terminal cen be connected to a prograr.t control on the E·.rgument accumu­

lator set up for transmission with clearing and the NC terminal, to a prograc 

control set-up for tr~msmission without clearing, If, on the other hand, the 
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ar!'ur:tent f:>r a given function table is stored sometmcs in one accumulator and 

sometimes in another, the operator may find it c:mvenient to use the C pulse 

to stimulate trans..-:dssi,Jn of tho c.rguraent fron one accumul~tnr and the NC 

pulse t0 sticulate trans~1ission frm~ the other ~rgument accumulator, 

When the !:'.rgw:1ent clear switch is set at 0, the operator oust pro­

vide, independently, for a prograr.1 pulse to stimulate th" transmission of the 

argument to the functi•m table (unless the argur.1ent is to be zero). Such a 

pulse must be delivered t,, the argument accumulator one addition time rd'ter 

the program pulse which stiraul:>.tes the function table progrWl control since 

the arguoent must be received in the function table during thn second addition 

tL"lle of a prograJ:t, 

7,1,3, The Repeat Switch 

The purpose and use of the function table repeat switch is the same 

as tha,t of the !lccumul!•,tor· repeat switch, It enables the operator to secure, 

on any given progr1~, repetitive transmission of the function looked up r 

times (v.here 1 ~ r ~ 9) and causes a program output pulse to be transmitted 

when the last repetition has been accomplished, r+4 e.ddition times after the 

reception of a progran input pulse. 

7.2. COOlON PROGRAHMING CIRCUITS 

The device used t·:> clock the advance of the function table through 

the sequence of suboperations involved in looking up r.nd transoitting a func­

tional value is the program ring counter (usually abbreviated cs the program 

ring), This is a thirteen stage counter with the first st:1r:e labelled -3 
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(see PX-7-304) and the last 9. The program ring neons (shown on PX-7-305) 

are correlated with the 13 stages of th~ program ring, 

The program ring clears to stage -3 when initial clearing takes 

place and whenever a function table program is c.:xnpleted, The reception of 

a program pulse by a~y transceiver results in opening a gate (D, E, or F49) 

which allows the ring to receive a CPP e1•ch addition time as long us the 

trcnscciver 1 s flip-flop remains in tho abnormal state. Each CPP then cycles 

the ring 1 stage. In this section, the program ring and its effect on associa­

ted gates and fliPrflops are discussed (see Table 7-1 for a sumcnry). 

During the first addition tine of a function table program (i,e. 

while the ring is in stnge -3), gate ,!48 is opened so th<.t the next CPP (after 

the one received by the transceiver) can pass through it and then out through 

whichenr of the gatos H(46) or H(L,.7) is open as the result of the setting of 

the a.rgument clear switch to NC or C respectively. This pulse is the one re­

ferred to in Sec. 7.1.2. as the NC or C pulse, 

Simultaneous with the transmission of the C or NC pulse, the program 

ring cycles to stage -2, During this addition time, the second of the program, 

a signal from stage -2, opens gc.tes D42 and H42, the gates to tho units and tens 

place argument counters to allow the argument to be received in the argument 

counters, 

In the third addition tine a signal from stage -1 ellows O, l, 2, or 

3 (depending on the setting of thu operation switch) pulses to pass thi"ough 

gate E42 and be delivured to the argument counters so as to correct the argu­

~ent to the value specified by the operation switch setting (see Sec, 7.3.2.) 

During this addition tir.1c, too, g~te F47 is ')pen so that the 11 pulso trans-
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CHRONOLOGICAL OPERATION OF THE FUNCTION TABLE'S 
PROGRAWING CIRCUITS 
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I,~·A~dd~.~T~im~.=e=;!~s~t~a=g=e==of~~==================================================~j I Program EVENT ' Rinp: • 
I ' 
' End of i 

0 ! -~ I 

i~ Program ineut pulse is received 
1 I -3 

I Signal from stage -3 gates CPP through gate J48. Output I I 
I ' of gate J48 gated through gate H46 or gate H47 by normal f. I i ' ly positive output of transceiver's flip-flop is emitted 

j I as C or NC pulse, 
2) CPP gated through D, E, or F49 cycles program ring to 

i I stage -2, 
2 : 

-2 1) Signal from stage -2 opens gates D and H42 so that I 
I 

I 
~) argument can be received in argument counters. ! 2 Program ring c~lcs to stage -1. 

3 ' -1 I 1) Signal from stage -1 open~ gate E42 to allow the argu-
I i ment correct pulses to pass through to the m"gum.mt 
I counter for units place, I I 

I ! 2) Signal from stD.ge -1 gates 1' P through gate F4 7, Out-

! 
I l I) put of g~.te ~'47 sets arF,Ument flip-flop, I 
: I 3' Prugram ring cycl<Js to sta.e;e 0, 

; 4 I 0 I 1) Signal from stage 0 gates CPP through gate G48, Output 
I I of gate G48 gated through gate E47 or gate E46 by 

I 
I I normally negative output of transceiver's flip-flop sets 

I 

I 

I Add ;;,r Subtract flip-flop respectively, 
i 

i~ Program ring cycles to stage 1 I 
I 5 1 ! Signal from·A or S flip-flop in the abnormal state 
I I allows 1, 2, 2' , 4 and 9P to pass through certain of I I 
' I the pulse gates to provide the function table with the I I I I pulses for the functional value, ' ' 

i i 2) Progrem ring cycles to stage 2 unless the repeat switch 
is set at 1. -: f. • • ' 

I • • i • 
I • • • -
!4 + r. r i 1) Functional value is transmUted for the rth time, 

2) Signal from stage r ~f the program ring passes through 
point r on the repeat switch to ga.te 62 in the trans-
ccivcr, Signal emitted by gute 62 gates CPP through 

I I 
gate 68 to provide a roset signal for the transceiver 

' I and a program output pulse, 
3) The signal from gate 62 ::tlso gatos a CPP through gate 

C48 to provide a reset, signal for flip-flops B, C, and 
046-47 &nd gates a CPP tt~ough gate B48 ~d gate A48 
which clears the program ring to ste.ge -3 and the argu-
ment counters to zero, 
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mitted in this addition time is allowed to pass and thus to flip flip-flop 

B46--47 into the abnormal state, This provides a negative signal to turn 

off the tubes marked Bll and B, C, , , , Ll and thus to allow the argument 

tnput gates to set up in accordance with the number registered in the argu­

ment counters, Flip-flop B46-47 is referred to as the argument flip-flop 

and its operation is correlated with the argument neon on front panel 1 (see 

PX-7-305). 

During the fourth addition time the argument selector gates finish 

setting up, In this time, too, a signal from stage zero, opens G48 so that 

tile next CPP can be passed throUgh it (at the time of the fourth CPP after 

the one received by the transceiver), The pulse passed through gate G48 then 

passes through gate E46 or E47 (E46 is open if the operation switch is set at a 

subtract point; E47 is open if the operation switch is set at an add point) thus 

(in the fifth addition time) flipping the subtract or add flip-flop respectively 

into the abnormal state, The subtract and add flip-flops control the trans­

mission of the complement of a function and the function respectively (see 

Sec, 7,4,), These two flip-flops are correlated with the add and subtract 

neons on PX-7-305. 

In the fifth addition time the program ring is on stage 1. In this 

addition time snd in every subsequent one until the transceiver's flip-flop is 

• reset, the functional value which has been looked up is transmitted. The 

stages from 1 to 9 of the program ring are correlated with the points 1-9. 

respectively on the repeat switch, When the program ring reaches stage r, 

the number set up on the repeat switch, a signal from stage r passes through 

tiJ the repeat switch and opens the transceiver's reset gate (62). This results 
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in the activation of the function table's clear circuits so that the ring is 

cleared to stage -3, the argument count0rs arc cleared to zero, and the three 

programming flip-flops nentioned above arc reset by the next CPP, The opening 

of the r<Jset gate also results in e.llowing the next CPP (i,e, the (4+~)th after 

the one that stimulated the program control) to pess through gate 68 and then to 

reset th<J transceiver's flip-flop 2nd to be transmitted a.s a program output 

pulse, 

7, 3, NUMERICAL CIRCUITS 

7,3,1, §torage: Portable Function Table, Master PM Switches, Digit Delete and 

Const~.nt Digit Switches, Subtract Pulse Switches. 

The function table c?n be set up to storo 104 entries each consisting 

of 20 digits, and 2 signs, Twelve of the digits, variable from entry to entry, 

are tabulated on the switches of the portable functicn table, The remaining 8 

digits must be constant throughout the range of the e.rgu.-nent, These are set up 
' . 

on the constant digit switches, Ttie signs may be either vari~ble :1r constant, 

Function o:>utput terminals A and B on po.nel 2 are each responsible for the trans­

missicm of a sign, 4 constant digits, s.nd 6 variable digits (sec Table 7-2). 

Whenever the function table is stimubtod, information is emitted simultaneously 

through both function output terminals, 

The function table permits great flexibility in the way in which it 

is set up and used, One sign and E:s mnny ,,.s 20 digits may sometimes be used 

for a single function, The 2 I'M's, one with k and the other with 20-k (where 

0 ~ k ~ 20) digits, can be used for 2 functions, As .:. matter of fact, more than 

2 signed functions em be stored by setting up numbers zern and nino for sign 
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• indication P and M respectively on switches ordinarily used for digits provided 

that these switches are nr>t required for digits,. Of course, in cases where the 

digits fur a single function are trl:'.nsrnitted through both function output ter-

• rninals, it may be necess"ry to use edaptors, shifters and/or deleters in order 

t,J receive the functional valua properly lined up in another unit. 

The portable function table is arranged with 26 rows and 28 columns 

of switches on each Jf its 2 faces, Each face, thus, has the switches for 52 

entries with the 14 columns ~f switches for 26 entries appearing on the left 
those 

half of the face and,~for th~ succeeding 26 entries on the right half, The sign 

and 6 digits set up on the first 7 switches (at the left) are emitted over terminal 

' 
A; the next 6 digits and sign, over terminal B (see Table 7-2). Positive function-

al values are set up with sign P a.nd the digits f :>r the absolute value of the 

• function, Negative values are set up as ~rnplements, i,e, with sign M and the 

digits for the absoluttJ v~~ue subtr<tct~:Jd from some power of 10, 

The adjective "vnriable" is used to describe the type of function 

table discussed above in which tho vnluos of the function are set up llllinually 

on switches and which, with changed switch settings, cP.n be u.sed f"r storing 

different functions .Jn different occ,,sicns, At present, ;me variable type is 

used with oach function t'lble unit, As the need arises, portable function tables 

of the fixed type in which the pattern of connections is permanently wired can be 

constructed and used in pL;co; '1f the fixed type, Such a permanent table wvuld 

• have the advantages of always being available for use without the necessity for 

tearing d:>wn a function already set up on switches, of baing less expensive to 

build, and of being c•msiderably sw.aller in size than the variable type. 

Master Ftl switches 1 and 2 Dn p~.nel 2 (see PX-7-303) of the function 

• 
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TABLE 7-2 

FUNCTION OUTPUT T-"R:liNrlL LEADS AND ASSOCih.TED SliiTCHES 
-

' aesociated Switches for Terminal A Associated Switches for Terminal B 'Lead 

1'14 Master Ht'Siitch 1 and Portable Function Table '.faster PM Switch 2 and Portable Function Table 
Switch in Column 1 in C::>lumn 14 

' 
' i I• 

10 ~onstant Disit and Digit Delete Switches J;.4 Constant Digit and Dit~it Delete Switches I •' 

T-_z9 __ ~~C~o~n~s~t~a~n~t~D~~ig~:~~·t~a~n~d~D~i~&:i~t~D~e~l~e~t~e~S~w~i~t~c~h~c~s--~A~3~--*'I ___ Constant Digit and Digit Delete Switches 

8 Constant Digit and Di&it,~D~e=l~et~e~Sw~i~t~c~h~e~s~~n~'2:_ __ ~~~-~C~o~n~stant Di&it and Di&it Delete Switches 
l 

'' . 7 Constant Digit and Digit Delete Switches "1 ,, Constant DiJ!it and Di.Rit Delete Switches 
l !I I 

5 Portable Function Table 
Switch in Column 3 

7--4~~-~P~o~rt~able Function Table 
; ~witch in Cclumn 4 

•Portable Function Table 
Switch in Column 6 

3 !Pvrtable Function Table 
!Switch in Column 5 

2 

,eortablL Function Table 
ISwitch in Column 7 

' 

Subtract Pulse 

Subtract Pulse 

Subtract Pulse 

Subtract Pulse 

Subtract Pulse 

Subtrr,ct Pulse 

Switch .. lOi' 

ll 
Switch i..9 il 

" " ., 
Switch h8 '! ;I 

Switch h7 
I ,, 

Switch .:.6 ~ 
! 

Switch A5 I 
r 

P·>rte.blc Function Tuble 
Switch in Column 8 

P>rtable Function Table 
S.dtch in Colur..n 9 
P >rte.ble Function Table 
SNitch in Column 10 
P->rtable Function Table 
SNitch in Column 11 
P>rtable Function Table 
S.dtch in Column 12 
P>rtable Function Table 
S:'litch in Col= 13 

Subtract Pulse Switch 

Subtract Pulse Switch 

, Subtrccct Fulse Switch 

I Subtract Pulse Switch 

Subtract Pulse Switch 

• 

Switch 

B4 

B3 

B2 

Bl 
' 

BlO 

B9 

B8 

B7 I 
B6 1 

B5 I 
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table are ass•>ciatcd with the PM leads )f tl;lrmin~.ls '' and B respectively, 

These switches h"-'Ve tho p·.>sitions P, M, and T~ble, If the sign to be emitted 

over one of the terminals is constant thr,mgh0ut the range of the tE·.ble, this 

const:>.nt sign may be set up on the assc>ciated master PM switch instead of on 

the 104 PM switches of the portable functLm table, Fur a. sign varying froru 

entry to entry h<>wevP.r, th<: e.ppropriato sign is t:•.buhted in the PM colwnn of 

the portable function table with each entry !l.nd the corresponding m;:;.ster PM 

switch is set at Table, 

For each of the 8 decade plnces which c.'n be filled with ·1 constant 

digit, there is a digit delete switch with the positions 11 deleto 11 and 11 on" and 

an associated constant digit switch vdth the positions 0, 1, ... , 9, Hill, and 

PM2, (See Table 7-2 for the decade phce le"ds :<ssociatGd with these switches,) 

With a. digit delete switch set ~<t delete, no pulses are transmitted 

over the dcJcade place lead e.ssociated with the d<3lete switch, With a delete 

switch set at :on t1nd th~ r.sse1cie.ted digit switch at d {where 0 !.-d f 9), d <Jr 

9-d pulses are tranS!:rl.tted ovor the correlated decade pl~.co le~.d according as 

additive or subtNctive transmission respectively takes pla.ce. With a digit 

delete switch set at 'bn"and the associated const:mt digit switch set at all 

or PM2 the sign pulsus eraitted respectively over the sign lead •lf the Ji or B 

function output terminals are duplic<cted on the cor1•elEoted d<oJCci.dc place lead, 

This is true 
1\ whether the pulses ,,r.litted over the sign lead <<re those specified on a portable 

function table Pi'.! switch or on the rnD star PM switch, 

When the functi:;n output of a termin:~l is to bo received in an accu-

mulator with the ve.riablc digits in decade places .:1-t the right. and with no other 

infomation provided for b (where 1 ~ b ~ 4) dec~de plcces at the left (such as 
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constant digits or digits fr<lrl 'mother functirm output terminals), and when some 

or ~-11 function veJ.ucs emittad Jil'JY be negc:.tiva, tho PMl or PM2 setting of b of the 

c:mst<,nt dir,it switch provides a means of filling these decc.de places at the 

loft with the nines needed to represcmt a neg"'-tive nur.~ber. If lill entries 

'ISS~>cb.ted with a function output tcnninal n.re tB.bul::.tod M either p.)sitive or 

negative nunbc;rs (i.e. with tho nsster PM switch set c,t P or M), the sa-:te end 

nrcy be r-chievcd by setting b c•.mst'nt digit switcht1S r.t 0 or nt 9 respectively. 

(Seo Tr,ble 7-3 which foll-Jv.s th" discussion ·:;f the subtr••ct pulse switches), 

Th" digit delete" switch corrchttJd v.ith r•. decade place le:.>d is set 

at delete when it is desired to le!lve '-· doc".de pl:.•.cc C')li1pletely blD.nk us is re-

quired, f0r cxrnple, if 3. Vc,rLblo dit,it frcJm nn0ther function output terminal 

is to be insert(ld in tha.t pl:cce, 

The subtr;~ct pulse switches "' and B 5-10 h<·ve the positions 0 and S, 

If 2. subtr£,.ct pulse switch is set at S. when subtr:1ctivz trunsrnission takes 

place (see Sec, 7,3,3.), the 1 1 P is emitted over the decade place lead associated 

with the switch (see Tablu 7-2) to n~.lw 11 10' s instca.rl Jf a 9' s complement, 

Complenents with respect t:> 9 arc enitted in the dccade place leads uss<)Ciated 

with subtrect pulse switch~;s which aN set at 0 (see Soc, 7.3.3.). In the usual 

applic~.ti-:ms nf th.; functi·:>n tabl<~, e.t r:wst 0n.o of tho j, rmd/r:>r cme of the B 

subtract pulse switches w.>ulrl bo sot <>t s. There is, however, nothinr: in the 

design of this unit t<> preclude settinr, a gre~'.ter number of thcso switches at 

S if the ~'perr;tor SD desires. 

7.3.2. Input t:J the P0rtable Functbn Table~ >•r1rur;1ent Counters and Table Input 

Gates, 

During the sec.Jnd additi:>n tir'le c,f a pr.cgrom, th<< &reunent is received 
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'l'J.BLE 7-3 

ILLUSTRn.TIONS OF THE USE OF SWITCHES ON P;·.NEL 2 OF THE FUNCTION TI.BLE 

LINE SETTIKG OF ?ORTi.B.LZ FUNCTJON T;,BLE S\f.ITCHES ; 
' 

~-=X~---~·-- p 123 000 ?95 642 li_ _ ___J 
.1 .. X+ 1 

1,4 at PMl 
1.3 at PMl 
"2 :;t FMl 
~-1 at 3 

i.3 at 0 
;,2 at 0 
;tl i;"l.t 0 

------"A!!..I ....£:764 000 4212,00~L:::.I _____ I 

EL.MPLE 1 

B4 at l\12 
B3 at F\!2 
B2 ::tt J'l'..!2 
Bl at P1l2 

EJU. !PLE 2 

B4 at 9 
B3 at 9 
B2 at 9 
Blat 9 

Digit Deleto Switch ;,4 set et 11D<Jlcte 11 (all "lthars set at 110n"). 

'

All Subtro.ct Pulse Switches sot at 0, -·-----·--! 
Transmit For : N'iiniiG'r Emitted 

. nrllurnent I Over Terminll ,, I -··-=av-·e-· r""""T:-o_rr_ui::-n-~""'".1-B:::-----! 
,~dd, x P 0 000 123 000 --- M 9 999 7J~5;;614;;,2;._ __ --I 
;,dd, x+l },J 0 000 764 000 i hl 9 999 1,21 ~08 
Sub. I x ;r o 999 B76 999 1 P o ooo 204._,3~5'7 ___ --1 
Sub, . x::_l P o 999 235 999 \ P o ooc T?s 491 
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in the functi~n table's argument counters through the argument input terminal 

on front panel f~ This temi.nal is so wired that UNITS :.ND TENS PL.CE OF THE 

iiRGUm:t;T lJUST BE RECEIVED IN THE Flrt:C'J'IOI'1 T .. Blli Ol'i Tl!E LE..~DS FOR THE DEC •• DE 

?L.CES 1 AND 2 RESPECTIVELY. This nay be provided for by pl&.cing a shifter at 

the argument input ternina.l if arguments delivered to tho function table will 

always require shifting the sa."!le number "f places or 1 if at various tines there 

will be different shifting requiraocnts, by pl:.cing shifters at the arguraent 

accuoulv.tor' s digit input tendru!~s. The units and tens argumvnt neom1 an 

front po.nel 1 are correlated with the stages of the areument c:,untors as indi-

ct:ted on PX-7-305. 

In the third addition tiue, the argunont stored in the ar~dent 

counters is corrected by fr Jl:l 0 to 4 pulses ch··Jsen fron the 1, 2, and 2' pulses 

in accordance with the operation switch setting. The argument counters are so 

cunnectud to the arr;unont or t~ble input r,.'ltcs that if x is the number registered 

in the ar;.;uuent counters, the table input gate for arg11r.1ont x-2 sets up (during 

the set up perbd fro~:~ the mddle of th,, third addition tine thNugh tho fourth). 

Therefore, if the uperr,ticm switch is set at ·2 no correction pulses are added 

to the argunent counters; if the oport,tion switch is set at -1, one pulse is 

added to the nUJ:~ber set up in the arr,~~r.~ent counters, ~tc. 

The table input gDtos c:•nsist ._,f 104 gates (each connected tu a line 

of the port!lble function table corrvsp·:~nding to e. value of the argUJ:~ent between 

-2 and 101). l!:uch table input gate hFs as nne of its in!Juts a signal fr()Jll a 

stage of the units ar~11r.1ent counter and ~s its :Jther input r. signal frm a stac;c 

,)f the tens counter. When the «rllUJ:lent C•)Unters ruceivc the are=ent a fr:>n the 

• ar:;waent accunula.t"r and the opcro.tion switch <>f the c?ntrrJl which hns been 

itThe argWJient inm1t terminal on the function table, like the digit temi.nals 
on accUr.\ulators, has 12 points. Only the leads for units and tens place, 
however, are operative. 
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• stimulato:.d is set at i (i = -2, -1, .. ., +2), table in::>ut go.te a + i emits a 

signal to line a + i of the portable function table, 

• 

• 

• 
• 

7.3~3; Fwlction Output 

The functiGnt•.l ve.lues tra.nSI!Iitted fr:>m the ;, and B output tentin::.ls 

on panel 2 are conpoundcd out of the 1, 2, 2', 4, nnd 9P, These pulses are 

admitted to the functi~n table through the 1, 2, 2', 4, and 9P gates, The 

pulses passed through those gates are delivered to the table output gates, the 

constant dir,it switches, and tho m1•ster PM switches, The ge.tes nnd switches 

:aentioncd above all'.>W appropriate numbers of pulses to reach the '' and B out-

put circuits which include standard transmitters (see PX-7-304) and the digit 

output terminals on frant panel 2, 

7 .3.],1, Transr:tission of Inf':lnnn.tic•n St:)rtJd ,,n ?c.rt.:".ble Function Table SWitches, 

.f.ssnciatod with each .:of thu 12 digit colunns .'Jf the port11ble function 

* tr;ble is a colur.m of table llutput gatos for digits, Each nf these calumns has 

10 gates, one f<>r eo.ch digit fro:a zere> t" 9 inclusive. ;, pair of PM table out-

put gatos, one f"r sign ? nne'! one for sit;n 11, is associated with each of the 2 

sign columns. 

One input t·.J the table nutput g::tes f:>r digits comes fr<>m the circuits 

containinG the 1, 2, 2', 4, and 9P gates, These l~tter gates are so controlled 

by the add.and sub. flip-flops (see Sec, 7,2,) and so connected to the table out­

put gates that when additive trnnSI!Iissi:m takes place (nnd the add, flip-flop is, 

thus, in the abnnmal state), d pulSE•S reach the table .output gates corresp"nd-

ing t<l clir,it d• when subtractive transmission takes plnce ( ~.nd the sub. flip-flop 

iirhe block d:ie.grain ~f the function to.ble shows the table ·mtput gates rot!>tcd by 
90~ from their actual position in thG function table where they are arranged in 
rows. Refer t0 the cross section diagr~ for tho position in the function table 
itself • 
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is, thus, in the abnurmal state), 9-d pulses reach the table output gates cor­

responding to digit d, 

The signal fNm the tabla input gate corresponding to argllr.lcnt a+i, 

r:>Uted through the 12 digit switches on line a+i, ht1lds open the table :.,utput 

, gates corresponding to the digits set up :m the line S•) that the pulses delivered 

to these gates from the l, 2 1 2 1 , 4, llQ.d 9P gates can pass through. 

The transmission ,of sign indic>.tion st:>red in the sign columns of the 

portable function table is acc~lished similarly, The table output gate con~ 

nected to point P on.the sign switches receives 0 or·9 pulses from the 9P gate 

and the output gate connected t:> point M receives 9 or 0 pulses from the 9P 

gate according as the ~.dd :>r subtr~ct flip-flnp is ·in the abnurmal state, The 

pulses pnssed by <>ne of the p~ir :)f table output gates for sign are routed 

through 11Table 11 .:m the associated master PM switch to be emitted )ver one :>f 

the P'd leads, 

With a master PU switch set at P or ll (inst<Jad c,f table) the sign 

pulses emitted by one ·,f the table output gatos for sign cannot reach the out­

put circuit, The trnnsmissian of ~. constant sign Stlt up on one of the master 

PH switches takes pl!•ce in the f·~llowing Ja[!.nner: The scune number :>f pulses 

are delivered to the p::lints P and ]i respectively on the me.ster Pbl switches as 

are delivered to the table :;utput gates ass·,ci,;ted with digits 0 and 94 Thus, 

if a master PM switch is set at P, zero or nine pulses are passed through this 

switch t0 the ass•Jciated functLm output terminal's PM lead according as addi­

tive or subtractive transmissi·m takes place. The case •~here a master Pl! switch 

is set at M is taken care of silnilarly, 
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7.3.3.2. Transmission of Information Stored on Constant ~git Switches. 

The 1, 2, 21 ; 41 and 9P gates deliver d pulses (in additive transmission) 

or 9-d pulses (in subtractive transmission) to the point d (where 0 { d ~ 9) on a 

constant digit switch. Thus, if one of these switches is set at d, d or 9-d pulses 
' 

' pass through it, then through the correlated digit delete switbh to the associated 

decade place lead of a function output terminal• 

The points PMl and PM2 receive the pulses passed by master PM switches 

1 and 2 respectively. In this way, a constant digit switch allows the same num­

ber of pulses as are transmitted over one of the PM leads to reach the decade 

place lead associated with the constant digit switch. 

If a digit delete switch is set at "delete", the circuit trom the cor-

related constant digit switch to the associated decade place lead is interrupted 

so that the pulses which arrive at the constant digit switch from the 1, 2, 2', 41 

and 9P gates or from the master PU switch cannot reach the function output ter-

minals. 

7.3.3.3. Role of the SUbtract Pulse Switches 

The subtra.ct flip-flop controls the gates A• and B• 64 so that these 

gates open to pass the 11P when subtractive transmission takes place. The out­

put of gates IL 1 and B1 64 is routed throUgh the subtract pulse switches set at S 

to the associated decade place leads of the function output terminals. 

• 7 .4. STORAGE OF PROGRAMMING DATA BY !lEANS OF 'rHE FUNCTION TABLE 

When only !I part of a total function table storage capacity ( 3744 

variable digits and 624 variable signs· for the 3 function tables) is required for 

• the to.bulation of numerical data, the remaining storage capacity can be used as 
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memory for programming instructions, This can be done either with a function 

table operating in the snme way as described in Sec, 7,3, when numerical functions 

are stored and transmitted or 1 more conveniently, with a small change in the 

4lt circuits containing the 1, 2, 2•, 4, and 9P gates, 

First, let us consider the use of the unmodified function table for 

programming memory, Suppose there are, say, 14 different progr~ (P1 - P14) 

one or more of which are to be stimulated et various times in a computation, 

We could then assign one column on s. portable function table to each of the 14 

programs and assign one line of the portable function table to each occasion 

on which it is necessary to make a choice as to which of the 14 programs is or 

are to be stimulated, Then the switches on a given line of the portable function 

table are set at P or 0 in the columns corresponding to programs which are not 

4lt to be stimulated and at M or a number different from zero in the columns corres­

ponding to programs which are to be stimulated, An accumulator is set aside to 

• 
• 

store the argument for th« function t~.ble. 

Now, when choice of program is required, a. progr;;m pulse is sent to a 

function table program control set up for additive transmission, In the fifth 

addition time following tho program input pulse, digit pulses are emitted over 

function output tenninals in the decade phce leads corresponding to switch 

settings different from P or zero, ;\t the end of the fifth addition time a 

program output pulse is emitted, The digit pulses are t"-ken through adaptors 
and 

at the function output tenninals to lines in ·program trays~hen to dumcy programs 

for conversion to progrrun pulses, The program output pulses of the dummy programs 

arc taken to the progrem controls on which are set up those of the 14 programs 

which are to be stimulated (see Fig, 7-1). The function table's program output 
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• pulse can be to.ken to a program control of the ~•ccumul.utor containing the 

argument which is set-up for a 11ruceivc -C" program in order to increase the 

value of the argument by one. 

• In the example shown on Fig. 7-1, !·.11 14 columns of switches on a 

program table are devoted to the storage of programning information, With the 

function table in its unmodified form, however, there is no reason why some of 

the columns cannot be used for numerical data and others for programming data 

(see Sec, 7.5.3.). 

The disadvantagu inherent in using the function table in its unmodified 

form to store programming information is the necessity for expending dummy pro-

grams to convert the digit pulses omitted from tha function output terminals into 

program pulses (see Sec, 4.5.2.). With only a small amount of labor the function 

• table can be D.dapted so that program pulses are trcmsmitted from the function 

output ternli.nuls instead of digit pulses, The simplest way to make this cha.nge 

is to disconnect the 9P g~tes (B1 a.nd L1 4) from the line in tho synchronizing 

trunk which carries the 9P and to connect these gates, instead, to the line 

which cr,rries th,; CPP, Tlrl.s may be done by means of an adaptor at the point 

wh~re the synchronizin~ cable plugs into the back of panel 2, No wiring changes 

are necessary, The required adaptor is shown on PX-4-119. If this change is 

made, when the function table transmits additively, a CPP is enitted over the 

decade place leads corresponding to portable function table (or even constant 

• digit switches) set at either M or 9. Notice, these CPP nre emitted from the 

function table at the end of the fifth addition time, As always, no pulse of 

any kind is emitted over a decade plac~ lead whose corresponding switch is set 

at P or 0, In this way, the necessity for converting digit pulses into program 

• 
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pulses is obviated, The pulses emitted fron1 th~ function output terminals can 

be taken directly to the progra.ll controls on which are set up the various pro­

gr~~s among which a choice is made, 

It should be noted that a numerical function cennot be set-up along­

side of programming data ·)n a given portable function table when this modification 

is me.de unless the function is pathologic to the extent that its tabulated valut~s 

never have the digit 9_ or sign M, 

Tho use of a modified function table to etore progr=ing information 

is illustrated in the problmn described in Sec, 8,7, 

In connection with this discussion of the role of the function table 

as programming ~:~emory, mention m:i.ght C\lso be 1113dc of the fact that the function 

table's program controls provide a convenient way of delaying a program pulse 

from 5 to 13 additbn times, This uso r)f the function table is also involved 

in the illustrative problem of Sec, 8,7, 

7,5, ILWSTRATI1fE EX.'<l·IPLZS OF TilE USE OF THE FtiNCTION TABLE IN INTERPOLllTION 

The function tables have been designed eo as to make them perticularly 

·well suited for interpolation, One or more function tables or parts of them can 

be used to store the values of a function, The coefficients of the ve.rious terms 

of the interpol11tion formula used m:;.y either bo stored in a function table or mcy 

be generated as needed by me>U~s of accumulators :md the high speed multiplier, 

Various types of interpolation formulas cru1 be employed with ease, There seems, 

however, t:) be a small advMtage in using the Lagra.ngian formuhcs which involve 

ft~nctional values rather than formulas which involve differences since a pair 

of accumul~tors must always be tied up to find a difference unless storage space 
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I . 1 1o l p" I . · I i ' ! 1 •Delete• 
, .. F I I ' . ;-s , I I 

' ! .G I L!J I i I 

#~·~~·~~Wl [1 

Subtract Pulse Switch A9 set at •o• 

L ' .... output tel'll11nal Subtract Pulse Switch B5 set at •s• 

Figure 7-2 

SELUP 8L\GRALI CONVEliTIONS FOR THE FUNCTIOU TABlE 
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in the functbn tablB is used for the te.bulation of differences, 

table: . 

In set-up tables, tho following symbols are usad for the function 

l) On th~first level i-j refers to the program input pulse, 
and ~I to the program control number, 

2) On the second lev0l, 

lst symb•)l (A or S) followed by a. signed number ( -2, ;,J., , , , , 

or +2) is the operetion switch setting, 

2nd symbol (C, NC, or 0) is ar~ument clear switch setting, 

3rd symbol (1, 2, ••• , or 9) is repeat switch setting. 

3) On the third level, ~.t the right of the arrow tip i-j refers to 

the progrum output pulse, 

When the function table is usod for the storage O)f programming information, the 

• connections frnm thCJ decade plt.ce le&.ds of the &unction output terr.rl.nals to pro­

gram lines are nCJtod along the t>rrow fr.Jm the second to the third level, 

Thus, th'l synbol 

4-3 <D 
A-2 NC 1 

B(PM)I to 7-8 

l 4-4 

is interpreted as follows: The program pulse carried on lines 4-3 stimulates 

program contrnl 5 so that the function table transr.rl.ts r(a-2) once, The NC 

• pulse stimulates transr.rl.ssinn of the argument, Program control 5 er.dts a pro­

gram output pulse to line 4-4. The output ·?f the PM lead of function output 

terminal B is taken through an adaptor to progrom line 7-8, 

Figure 7-2 shows the conventions used for the function table in set-up 

• diagrams, 
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7,5,1, Quadratic Lagrangian Interpolation 

In the following pages a set-up for quadratic Lagrangian interpolation 

for equal intervals is suggested. The interpolation formula is given by 

f (x) • 
i•-1,0,1 

where 
and 0{ x ~99 

and where fi (~, z1) • fi (x0, ~ + i) 

4 
Even though it is cumbersome, the notation x • L x j • lOl-j 

j=O 

is employed because it is usetul in indicating the shifters and deleters 

required in certain phases of the problem. 

The computation is described with the aid of Table 7-4, in which the 

set-up of the units involved is formulated, and Figure 7-3, which shows how to 

set up the unita to carry out the instructions given in. Table 7-4, 

The values of C(O) and c(l) are stored in function table 2 in such a 

way that the former are emitted over the lines for decade places 1-6 of terminal 

A and the latter, over the lines for decade places 1-6 of terminal B. These 

-1 -2 1 coefficients are stored ~t intervals of 0.01 for X2 • 10 + x3 • 10 start ng 

with zero and ending with 1.00. Linear interpolation is used to find Ci (x2,x3,x4) • 

ru r.u <i> The symbols CC , Cj' '. , and ~C will be used as follows: 

(i) (i) 
c0 •C (x2,x

3
,o) 

(i) (i) 
, C1 •C (X2, x3+1,0) 

(i) (i) (i) 
A C •C1 -Co 
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(-1) 
c has not been tabulated in a fUnction table since it can be found 

readily from the relationship 

c<-iJ • 1 - L c<i) 
i-o,r 

(1) ( -1) 
and C , rather than a pair including C were chosen for tabulation 

on the portable function t3.ble to eave a small amount of tabulation labor, 

For the range zero to one inclusive of the independent variable, C(O) and 

C(l), are both positive and have zero and one as their minimum and maximum 

• values, Therefore, sign indication need not be tabulated with each entry 

but may, instead, be handled by setting the master PM switches to P. The co-

i . (-1) i eff cJ.ent C has as ts maximum value on this range of the argument, zero, 

and, as its minimum -0.12500. Were c<-l) tabulated, all entries would have to 

carry sign indication (and the master PM switch would be set to Table) in spite 

of the fact that the only non-negative functional entry is zero corresponding 

to argument zero, It might at first appear that zero could be tabulated as 

M 0 000 000 000, but if we recall that M 0 000 000 000 alltually represents 

1010 + P 0 000 000 000 U can be seen that this procedure would be incorrect, 

• c(l) and c(O), then, are tabulated on the portable function table 

associated with function table 2 on sides A and B respectively; Six decade 

places e.re used for each coefficient with the units place digit tabulated in 

d;~ c.ol.wn.'l for decade place 6 and the various decimal places (tQnths place, etc,) 

• ·>cC"li-:rtng t.bJ r.:m,aining deeade places, 5 through 1, The digit delete Pitches 

;J - A':.. 'ind B4 - Bl are set to "delete" since there are no digits constant through-



• 
VII - 28 

out the range of the argument for either c(O) or c<1 >. Since the coefficients 

c(i) find their way ultimately te the multiplier, it is desirable to have them 

loc~ted as far tG the left as possible, The digit output of function table 2 

• is, therefore, shifted four places to the left before its reception in an 

accwnulator. The shHter is designated by the number 4 in a box denoting a 

digit input terminal on Figure 7-3. 

The function f(x) is tabulated on the portable function table associatem 

with function table 3, It is assumed, here, that only 6 variable digits. are 

tabulated for this function and that these occupy the switches for decade places 

l-6, Since fi (i= -11 0, 1) too, enters into multiplications, tho function out-

p~t of function table 3 is also shifted 4 places to the left before its reception 

in the ier accumulator, 

• Accumulator 18 serves as the argument accumulator for both function 

t~'bles, This set-up assumes that x is stored in this accumulator so that Xo 

occupies the fifth decade place, A -1 shifter (which shifts a number one place 

to the right) is used at the argument input terminal of function table 2 to 

place x2 and x3 respectively in decade places 2 and l of the input and a -3 

shifter is used at the argument input terminal of function table 3 to pl£ce Xa 

and x1 respectively in the proper decade lines of this input, 

Detailed descriptions of the programs involved in the interpolation 

are given in Table 7-4, We wish, however, to eall attention to the procedure 

• uned for stimulating the reception in an .acumulator of functional values trans­

~tted by the function table. Consider, for example, the programs involved in 
. to) 

look1ng up -c·0 , 

~~bl0 2 to look up 

In addition time 12, program pulse l-6 stimulates function 
(0) 

-C 0 , Accumulator 17 is to reeeive this funetional value 

• when it is emitted during addition time 16, To provide for this reception, we 
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take advantage of the fact that another program commences at the same time 

that function table 2 ie st-imulated, the program in which accumulator 17 trans-

rnits it.tJ nontar.ts t'> t·'J.e hlul~ip!ier, Even though only l transmission is re-

quired, t-he repent .3"i':.c~h :m -·,c:,trol 5 of accumulator 17 is set at 4 so that 

~-t the el!d c•f ~· d<(!-;, '-'-':1 timn l) there will be a program pulse available to 
(0) 

dtimu.late t-he re~<..p·i:io·:1 of -·G -0 • This procedure saves the use of a special 

dtunrny program to c:'.elPy a pulse until addition time 16, 

The use of thP high-s;Jeed multiplier in this computation is also 

worthy of note- Dudng addition times l2 through 17 and 22 through 27 the 

multiplier is occupied in forming products required in the linear interpolation 

for C(l) and cCO) respectively, For each of these multiplications, the signifi-

ce.nt figures switch is set at 6, In view of the accuracy of the ier and icand 

and their positions in the ier and icand accumulators, the last significant 

figure of the product occurs in the eighth place from the left, These products 1 

however, are added to numbers stored in either accumul£,tor 16 or 15 which have 

their last significant figure 6 places from the left, The products referred 

to above are, therefore, rounded off to 6 significant figures and passed through 

deleters which delete decode lines l-4 (counting units decade as l) before re­

ception in accumulator 16 or 15, This deleter is designated by d l-4. Thus, 

by addition times 18 and 2B respectively, C(l)and C(O) appear in accumulators 

16 and 15 respectively correct to 5 significant figures with the last significant 

fig·!I·.:J ap?f·aring in decade 5 (from the right), 
(i) 

Tha products fi , (: (for i • 1, 0, -1) are formed during addition 

:.: .. aet 28-.3',, ;;3-471 anu /.ll-57 respectively and are retained in accumulator l2 

•or colle~ti'>n to ='crm f(x), Since the coefficients C(i) will in general not 

exaeed 5 significcant figures, these products, too, will have no more than 5 

significant figures with the last significant figure appearing in the sixth 
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decade place from the left due to the positions of the ier and icand. Only the 
(l) 

program in which ri • C is formed, calls for round off to 6 figures, however, 

since the addition of five pulses in decade place 3 is required only once to 

produce the correctly rounded off sum or 3 products. For the other two multi­

plications r0 • cO) and r_1 • C(-l). The significant figures switch is set at 11off11 o 

It might be of interest to the operator to notice that of the 57 

addition times required to carry out this quadratic Lagrangian interpolation 

routine, all but 15 are used for multiplications. In general, the principle 

that the number of multiplications involved in a computation determines approx-

imately the duration of the c~utation is a reliable ene. 

7.5.2. Biquadratic Lagrangian Interpelation 

Biquadratic Lagrangian interpolation can be carried "ut in a fashion 

similar to that described above for quadratic Lagrangian interpelati~n with a 

few minor alterations. The fermula for biquadratic interpelation is 
2 

r(x) • ~c<q ~; x
3
, x

4
) • ri <xo. x1) 

1--2, .. 

Here 1 as in the quadratic interpolation, ene of the coefficients need not be 

tabulated since 

2 (i) 
L.c = 1 

i=-2 
The four coefficients needed may, as a matter of ract, be tabulated 

on one* port~ble function table to permit interpolation for c(i){x
2

, x
3

, x
4

) 

*This assumes that six decimal places for these coefficients will provide the 
required accuracy. If greater accuracy is required it is probably preferable 
to generate the coefficients rather than use up two function tables for storing 
them • 
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from a tabulation of C(i)(~ X 0) --... , 3, since the C(i) need be tabulated only for 

-1 2 < 0 ~x2_ , 10 + ~ , 10- .., , 51 -1 -?. , For 0,5:;::. ~.;1..0 + x3 .10 ...:.. 1, 

f( x) ·M.y be computed by backward interpolation using the formula 

f(x) = L 
i=i-2,;..1, ••• ,2 

where 
-1 X2 . 10 + Xj 

2 3 1 -2 -3 
• 10- + x4 , 10- z 1 - (~ , 10- + ~ • 10 + x4 • 10 ) 

If the coefficients chosen for the tabulation are C(i)(for i a -2, -1, 

1, 2), they may be set up on the portable function table as shown in Table 7-5. 

To produce C~i)and C~i) fori • -2 'or 2 the function table operation 

switches must be set at -2 and -1 respectiv•lly, Before C~i)and e~i), fori z 1 

or -1, can be looked up, the argument (x
2

, x
3
), or (X2, x)) if backward inter­

to 
polation is used, must be correcte~(x2+5, x

3
) or(x2 +5, x3). The ~peration 
(i) (.} 

switches used in the progr~ of looking up_ CO and c
1

1
, fori= 1 ar -1, 

must be set at zero and 1 resp~ct1vely, 

If the suggested method of t~bulating the interpolation coefficients 

and of carrying out the interpolation is followed, obviously two alternative 

interpolation routines, a forward and a backward routin~, must be set-up, 

The forward interpolation routine differs frorn the routine for 

quadratic L<~gr~ngian interpolation only in that there are two additional product 

• terms fi • C~i) to be formed, The backward int-drpolation routine must cover the 

use of the backward int·~rpolation formula, the correction of the argument 

(x , x1) to (x , ~ +1) r~d the correction of the argument (~, x3, x4) to c 0 . 

• 
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TABLE 7-5 

TABULATION OF BIQUADRATIC LAGRANGIAN INTERPOLATION COEFFICimTS ON THE 

PORTABLE FUNCTION TABLE 

! 
Arg 1 A OUTPUT B OUTPUT 

-2 

-1 

49 

50 

51 

• 

101 

• 

Master PM switch 1 set at P, 
pecade places 1-6 used as shown 

below, 

(-2) 
c ,00) = ,000 000 

• 
• 
• 

o ~c~~623 427 
• 

(-2) • 
c 'Sl)•',o23 427 

• 

• 
(1) 

o~c < .480 016 ..... 

(1) 
c '51) = .480 016 

.. ., Master PM switch 2 set at Table, 
PM place and decade places 1-6 used 
a.s shown below, 

c< 2 >c,oo) = + .ooo ooo 
• 
• 
• 

6 
(2) . 

- ,039 4 4'-C '- 0 
• 

(2) 
c '51) 

• 
• "'- ,039 464 

(-1~ 
' c ,00) = + .ooo 000 

• 
• 
• 

• 
( -1) • 

C (o5l) '= - ,155 767 
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I 1 I 

(X2, x3; x4). The criterion for which routine is to be followed is a magnitude 

discrimination program to detennine whether ~ (.5 or x
2

? 5. In tha former 

~ case, the forward interpolation routing is followed; in the latter case, the 

backward interpolation routine is used. 

~ 

~ 

The disadvantage of the method suggested above for biquadratic 

Langrangian interpolation is that it raquires a backward as well as a forward 

routine. This disadvantage is eliminated in an nltornntive method to be 

described below. 

For the purpose of this discussion, we will abandon the notation 

used above and in section 7.5.2. Instead, x will be considered as x- n + h 

where n is the integer closest to x :md where -.5 !:h ~ .5 • The number n, thus, 

is an integer between 0 
2 

L 
i=-2 

and 99 inclusive. In this notation f(x) is given by 
2 

""" (i) t>r L_ C (h) • f (n+i) 
i-2 

To find n, the round off facilities of some accumulator are used 

and the number x + 0.5 is formed. Then n is the tens and units digits of x + 0.5. 

Now, the number x + 0.5 or n + k where k • h + 0.5 is stored in some accumulator. 

Instead of tabulating coefficients C(i)(h) then: consider tabulating 
' 

B(i)(k) = C(i)(h) for the range 0 ~ k $1, where th" coefficients B(i~k)~c(i~k) 
have the following useful properties: 

2 

1) Ls<1>(k) = 1 
iz-2 

and 2) 
(-i) (i) 

B (k) = B (l-k) 

We can then tabulate B(i~k) for 0~ ~for two vulues of i. By property 2 above, 

B(i)(k) for two other values of i can be found, ~-nd the fifth value of B can be 

• found by property 1. 
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7.5.3. The Drag Function of the Exterior Ballistics Equations 

When the ENIAC is used for the computation of firing tables, the 

problem of tabulating the drag function (G) used in the exterior ballistics 

• equations is likely to require considerable thought due to the behavior of 

this function in the region of the velocity of sound. It would appear that 
2 

the drag function had best be tabulated against v as is done for hand computa-

tion· of trajectories to avoid the necessity for extracting square roots. It 

will also be necessary to use more than one portable function (or more than 

part of one portable function table) to list the values of the drag function 

since one portable function table will certainly have to be devoted to the 

values of G in the neighborhood of the velocity of sound. G before and after 

sound may be tabulated on one or two portable function tables depending on 

• which G function is used and the accuracy requirements of the computation. 

To determine what transformation to make on v2, which function table 

to enter, and possibly, even which interpolation routine to follow, it will then 

be nlllcessary to carry out a magnitude discrimination program on v2 similar to 

the one used on y' in the printing discrimination sequence of problem 2 in 

Chapter X (Master Programmer). 

An alternative and, probably, simpler method of determining which 

function table to enter for a given value of the argument can be used if this 

information is stored on portable function table switches not required for the 

• tabulation of G. One column of a portable function table is required for each 

function table or portion of a function table used in tabulating G. 

Here a preliminary transformation of variable which maps the entire 

range of the argument onto the interval 0 and 99 is made. The portable function • table which stores program data is entered with this argument. The function out-
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put of the decade pls.ce leads used for progrll.m choice are converted to a program 

pulse through the use of a dUJ:U'.lY progr·31'1, The resulting program pulse is then 

taken to a program control which initiates a suitable interpolation routine, 

(See Figure 7-4). 

Another consideration which is likely to arise is that of making 

the most efficient use elf the variable digits of the function table. Throughout 

the najor part of the velocity of sound region, tenths place of thd G function 

is occupied by tho digit zero, However, for convenience in interpolation, it 

nay be desirable to extend the tabulation on the portable function table devoted 

to the neighborhood -:Jf the velocity of sound so that sene entries in which tenths 

place is occupied b;r tho digit one instead of zero arc also included, 

If the obvious meth·>d af tt•bulv.tion (PM colw~m devoted to sign 

indication and varir.ble digit oolwnns to tenths, hundreds, etc, 1 places) is 

followed, TJ•Jst of the entri(;S will waste a place :m the non-signifiaant figure 

zero in tenths place in ?rder t.o acconr.lodate the few entries that have digit 

one.in tenths pl<J.ce. "''Wever, since the G function does not change sign and 

since there is no reason for transmitting both the functional value stored and 

its complenent, it is possible to res~rt to an artifice that will result in the 

storage 'lf an additional significant figure without the use of an extra place 

of the portable function table. 

The artifice consists of tabulating tenths place of the G function 

in one of the so called H4 colw:ms naking sign P c Jrrespond to digit zero and 

sign M to digit one, The problcr.1 ":"<f c:mverting tho 9 sign pulses transmitted fran 

the function table entries carrying sign M t? a single digit pulse can be solved 

very simply by tra.nSI:'.itting the 1\1 channel uf the functi:;n output to an unused 

transceiver input and then transmitting the tra.nsccivor• s :.>utput t" the digit 
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input terminal channel devoted to tenths place at the unit receiving the 

functional value, Thus, when sign P is stored, no pulses will be transmitted 

from the PM channel of the function output terminal and therefore the trans-

ceiver, receiving no pulse, will transmit no output pulse so that the unit 

receiving the functional value will receive zero pulses in the decade channel 

devoted to tenths place, When sign M is stored, 9 sign pulses received by the 

transceiver cause the transceiver to emit one pulse which is received in tenths 

place by the unit receiving the function output of the function table, Obviously, 

if this stratagem is resorted to, the progr~ of receiving the functional value 

from the function table must be set up on an accumulator repeat program control 

whos.e repeat switch is set at 2 in order to all:lw time for the accumulator's 

reception of a pulse from the transceiver which converts the 9 sign pulses 

-· into a digit pulse, 

• 
• 
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VIII- l • 
VIII. CONSTANT TRANSJITTER AND I!lll READER 

The constant transmitter operating in conjunction with an IBM card 

~ reader provides another form of memory for the ENIAC (see also, the function 

table and accumulator). The input rate for this memory is relatively slowl the 

~JUtput rate is rapid. The reader reads standard IBM cards at the rate of approx-

* imately l/2 a second per card and causes the data recorded on the card to be 

stored in relays located in the constant transmitter. The 80 digits which can 

be read from a card may be broken up into 5 digit or 10 digit groups with sign 

indication so that as many as 16 signed numbers may be read from a card. In 

additioft, the constant transmitter can rem~ber 20 digits and 4 signs set up 

manually on switches located on front panel 2 of this unit. These 20 digits may 

~ be broken up also into groups of either 5 or 10 digits with sign indication. Once 

stored in the rcle.ys or on the manual set switches of the constant transmitter, 

~ 

• 

numerical data can be obtained in pulse form for use in a~ arithmetic unit of 

the ENIAC in one addition time. 

The first four sections of this chapter are devoted to the IBM reader 

as follows: Section 8.1, program controls, Section 8.2, plug board, Section 8.3; 

programming circuits, and Section B .4, numerical circuits, The program controls 

and numerical circuits of the constant transmitter are discussed in Sections 9,5, 

and 8.6, respectively. An illustrative problem set-up appears ih Section 8.7. 

In this chapter, reference will be made to the follOWing drawings: 

Constant Transmitter and Reader 
Cross Section 

IBM Reader Wiring 

IS.! Reader Plug Board 

PX-ll-.309 

PX-ll-ll9 

PX-ll-305 

ifThe rate is 160 C-'\l"cts per ninut,~ when the re?.~er ruads continuously l~ith,Jut stop­
ping and cay be eith"r 120 ~·r 160 cil.rr.s per ninutc v.hcn the reader stops between 
rea~ings. 
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Activation of IBM Reader Rela.ys in 
Reading a Detail-!.laster-Deteil 
Card Sequence 

Constant Transmitter Front View 

Constant Transmitter Front Panels 

Constant Transmitter Block Diagram 

Constant 'l'ransmitter Cross Section 

Initiating Unit - Front View 

Initiating Unit Front Panel 

VIII - 2 

PX-11-308 

PX-11-306 

PX-11-302, 303, 304 

PX-11-307 

PX-11-116 

PX-9-305 

PX-9-302 

8 .0, GENERt.L SUIIThJ!ARY OF THE READER A~;yj CONSTANT TRANSMITTER 

8,0,1. IBM Cards 

The IBM reader optlrates on standard IBM cards, These cards have 80 

~ columns and each column has 12 positions, The first two positions (reading down 

from the top) are designated by 12 and 11, The remaining ten positions correspond 

to the numbers 0 to 9 and are printed to indicate this correspondence, Data is 

stored on these cards by means of card punches, The group of columns used to 

indicate the digits for a given number is called a field, 

Any of the 80 columns on the card may be used to store either numerical 

data or control data (i,e, inform."J.tion which inst1•ucts the reader how to dispose 

of the numerical data stored on the card or on succeeding cardo), A col~~n used 

for storing numerical data will have one of the positions zero to 9 punched, 

~ 
Negative nmnbers are indicated by an 11 punch ~hich can appear in addition to a 

digit punch, in any one of the columns used for the various places of the number, 

No sign indication punch is used for positive numbers, Columns used for control 

purposes can have multiple punches, In addition, a column used for numerical 

4IJ data can carry a 12 or 11 punch for control purposes provided that an 11 punch 
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does not appear in the same column for sign indication, The distinction bet•een 

an 11 punch for control purposes and one for sign indicetion is made as a. result 

of the wiring of the reader plug board (see Section 8,2.). 

~ 8,0,2, The Card Reader (refer to Px-11-309 and PX-9-302) 

~ 

• 
• 

The IBM card reaQ.er scans cards and causes numerical data (with sign 

indication) located in any field of the card to be stored in any groups of constant 

trE.nsmitter storage relays specified by the operator (see Section 8,2, and group 

selection in Section 8,3,). The aforementioned operations are designated by the 

phrase card reading, True negative numbers on the cards are converted into nines 

complements in the process of being stored in the constant transmitter and into 

tens complements during transmission from the constant transmitter. Moreover, the 

IBM reader can recognize 2 classes of cards namely, master and detail cards, The 

resder causes numerical data read from a master card to be stored in constant 

transmitter storage relays and held until the next master card is read at which 

time the information read from the previous master card is dropped out and re­

placed by data on the new master card, Detail card information is dropped out 

whenever a new card, either master or detail, is read, 

Certain controls for starting and stopping tho reader are found on the 

initiating unit and others on the reader itself, The reader is stimulated to 

read a card which is in position to be read when the reader start button on the 

initiating unit is pressed at the beginning of a computation (see Chapter II, 

Section 2) or at the beginning or in the course of a computation when the reader 

program pulse input terminal (Ri) on the initiating unit is pulsed, Pushing the 

emergency start switch on the IBM reader itself also causes card readi.ng to take 

place. \Vhen the reader is started initially and there are cards in its magazine 

but not in position to be read (see Section 8,1,), the initial start switch on 



• 
• 

• 

• 
• 

VIII - 4 

* the reader must be pushed to move a card into the reading position, The reader 

stops readu1g when the cards in its ~gazine have been exhausted, or its hopper 

is filled, when the stop switch on the reader is pressed, or when the reader's 

motor generator is turned off (see Section 8,1,), 

Also found on the initiating unit are a reader interlock pulse input 

terminal (Ri) and a reader program pulse output terminal (Ro), Since reading takes 

a not absolutely definite time for completion, the ENIAC has been so designed 

that an interlock pulse must be received and card reading must be completed before 

the reader will emit a program output pulse v.hich can be used to initiate the 

phase of the computation which follows card reading, One exception to this 

statement is noted in Section 8,1,1, 

8,0,3, Card Readin~ (refer to PX-11-309 and PX-11-119) 

The operator specifies the criterion for master or detail cards and also 

tht> correspondence betweun positions on the eard and storage relays in the con-

stant transmitter by means of the setting of the polarity switch located on the 

reMer and by the manner in v.hich the reader plug bonrd is wired (see Section B ,2.), 

The reader recognizes its instructions with regard to these matters through the : 

punches made on the various cards, 

The progrrumning equipment (see Section 8,3,) in the reader which 

carries out the instructions consists of rel~ys ~nd cams which make and break con-

tact at various t~cs, The prograMming relays, in general, are used as follows: 

** Each relay has either a pick-up (P) coil, a hold (H) coil or both and 4 con-

tacts some or all of which may be used, The hold coil of a relay is connected 

in series through one of its contacts, called the hold contact, to a timing cam, 

ll'When cards are in position to be read, the initial start switch cannot stimulate 
card"rearling, 

lH'W'lere one type of C'lil is missing, the functions of both types are perfonaed by 
t.h<> one Uli.Cd, 
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Some stimulus, a particula.r punch on a card or the activation or another rel&y1 

perhaps, causes the P coil or a rel~ to pick up, The H coil then holds the 

relay through its hold contact until the cam with which the rel~ is in series 

breaks contact. 

PX-11-119 shows the various I"elays and cB11111, The several components 

or a relay are often round on dirterent parts or the diagram. The relAy location 

chart at the top or PX-11-119 gives the location on the diagram of the P and H 

coils and the points or contact (A and B lower e.nd upper), The timing CB11111 are 

designated on this drawing by Pl•- PlO, The times at which the earns make and 

break contact are also noted here with M and B respectively identifying the make 

and break times. The times are given according to the IBM scale which divides 

the card reading cycle into 14 subdivisions designated by 14, 12, 11, O, 1, ,,,, 

8, 91 13, The cycle begins half a unit before 14 and ends hall a unit after 13. 

For the reader, the time divisions are approximately equal. More complete timing 

information ab~ut the cams is given on PX-11-309. 

The cards are read by being passed under each or two continuous rolls. 

Eighty llii'ushes located below the card make contact with the continuous roll where 

the card has been punched. The reader by means or the 80 brushes scans all 80 

columns or a card s:im\U.taneously beginning at time 12 with line 12 in all columns 

and then the ll line in time 11 and, finally, in time 9, the 9 line, 

There are two continuous rolls each with a set of 80 brushes, roll No, 1 

with the control brushes anc:t.,roll No. 2 with the read brlishes; Each card is read 

th 
in two cycles. At the start or the i card reading cycle, card i is in front 

or continuous roll No, 2 mald.ng conta•t with card lever contact No, 1 for con­

tinuous roll 2 (CR N~. 2, CLC No. 1) and card i + 1 is in front or continuous 

,roll No. 1 making contact with card lever contact No. 1 for continuous roll No. 1 
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(CR No, 1, CLC No, 1), During the .:f·h reading cyclc, ce.rd i is moved under roll 

No, 2 and scanned by the read brushes for numerical data, This data is ultimately 

delivered through the connections me.de on the plugboard to the lines which go to 

relays in the constant transmitter, While card i is passing under continuous 

roll' No, 2, card i + 1 is passing under continuous roll No, l where it is read 

by the control brushes, The control brushes pick up instructions with regard to 

how card i + 1 is to be treated and deliver these instructions via plugboard con­

nections to the programning circuits of the reader (see Section 8,3,) As card 

i + l moves under continuous roll No, 1, card i + 2 moves out of the magazine so 

that cards will be in position for the i + 1 st reading cycle, The second or 

numerical reading cycle for a card docs not necessarily follow immediately after 

the first or control cycle, The second cycle takes place when the reader is 

stimulated to start reading, However, when a mastc:r card is read, the eecond 

cycle for the detail card immediately after the muster C!'.rd takes place without 

delay, 

8,0.4. Storage of Card Data in the Constant Transmitter 

The circuits involved in converting numerical datu punches into a storage 

form usable by the Eniac itself are: 

80 read brushes (see PX-11-309, ll-119)~In the 
· reader 

(see PX-11-309, 11-119) Coding cams CBl, CB2, ••• , CB9 

16 groups of 8 coding relays each (Cl, C2, ,,,, C8 on PX-ll-116, 
n.:.3o9) 

16 p:lirs of PM relays (Pllli' and PM" on PX-11-116, 
11-309) 

6 PM isolating relays (labelled R on PX-ll-116, 
11-309) 

80 groups of 4 storage relays each (tho storage rel~ys for the 

first group are labelled. 1-l, l-2, l-2', and 

In 
the 

onstant 
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Infonnation from the 80 columns on the IBM card is ultimately stored in the 80 

groups of storage relays, The 80 groups of storage relays control 80 groups of 

four constant selector gates each (see PX-11-307) and these gates in turn, control 

~ the gates which allow the 1, 2, 21 , and 4 pulses respectively to pass when a con­

stant is being transmitted from the constant transmitter, 

Each 5 digit group with sign indication is set up in the storl,ge relays 

and Pili' and PM" relays as a result of the interaction of the coding cams, a con­

tact on one of th€ 6 1\i isolating relays, the pair of PM relays, a. group of 8 

coding relays, and the 5 leads from the read brushes which re!'d the columns be­

longing to that group of 5 digits, 

8,0,5, Transmission of Data from the Constant Transmitter (refer to PX-11-302, 

11-303, 11-309, and 11-307) 

~ On panel 1 (see PX-11-302) of the constant transmitter are found 30 

program controls and associated neons (see PX-11-306), Each program control con­

sists of a transceiver with program pulse input and output terminals and an 

associated constant selector switch, Each group of 6 program controls is con­

cerned with the transmission of 20 digits, The program controls numbered 1-24 

handle the 80 digits read from IW cards and those numbered 25-30 the 20 digits 

set up manually on the constant set switches located on panel 2 (see PX-11-303). 

The letters A, B, •••• G, H on the constant selector switches refer to the 8 groups 

of 10 digits each which can be stored in the constant transmitter from IBM cards; 

~ J and K refer to the 20 digits set up manually on the set switches located on 

panel 2. Subscripts L and R refer respectively to the left and right hand groups 

of 5 digits (each with sign indication) of a 10 digit group. Ten digits with a 

single PM are designated by subscript LR. (See Section 8.2, for the correspondence 

• bot ween storage relay hubs on the plug board and the points AL' AR, , •• , f1a on 
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• the constant selector switches,) The digit output of the constant transmitter is 

emitted through the output terminal on panel l (see PX-11-.302) •· 

Any or all of the 6 constant selector switches of a group may be set so 

... as to call for the transmission of any one 5 digit or 10 digit signed number con­

trolled by that group of switches, The only restriction is that if a constant 

selector switeh be set so as to call for the tre.nsrnission of either the L or R 

5 digits of a 10 digit group, none of the other 5 switches may be sc;t so as to ce~l 

for the transmission of the same 10 digits as a group (LR), Conversely, if 10 

digits are combined by an LR setting of a constant selector switch, the same 10 

digits can never be broken up into 5 digit L or R groups on any of tho remaining 

S constant selector switehes, 

The points on the constant s.:Jl<Jctor switches ~.re connected to the con-

... stant selector gates, For these gates the 2nd input comes from a storage relay 

or a constant set switch 'J.lld may, in cithur cas(: 1 be P. digit or a PM. 

The constant selector gates whose second inputs are numerical in nature, 

control the 1, 21 2', and 4 pulse gates which allow suitable combinations of the 

l, 2, 2 1 , and 4 pulses to btl passed over tho 10 digit lc£~s of the constant trans­

mitter's digit output terminal (located on panC;l l). The constant selector gates 

whose second inputs are derived from minus sign indicath>n1 control gatos which 

allow the 9 pulses to pass oVGr the PM lead and possibly the 5 left hand leads 

of the digit output terminal and which allow the 1' pulse (needed to produee a 

... tens instead of nines complement) to pass over either the units place or 1aS 

place lead of the digit output terminal, 

• 
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8,1, PROGRAM CONTROLS OF THE Illil READER (Refer particularly to PX-ll-ll9) 

The reader program controls located on the re~der are the initial start 

switch, the emergency start switch, the oh-off switch and the green motor generator 

signal light, and a stop switch, Relay J in the reader is the start relay for the 

clutch magnets which cause the card feed mechanism to operate, Also inside the 

reader are certain circuit elements which t'lltlction in conjunction with the program 

controls for starting the reader: magazine card lever contact (Mag CLC) and re­

lay 1, card lever contact No, l for continuous roll No, 1 (CR No, l, CLC No, 1) 

and relay 2, card lever contact No, 2 t'or continuous roll No, l (CR No, 1 CLC 

No. 2) 1 and the card stacker switch, Card lever contact No, l for continuous 

roll No, 2 (CR No, 2, CLC No, 1) with relay 60, and relay 59 in the reader play 

a part in the el!lission of reset and finish signals by the reader and are dis­

cussed in greater detail in Section 8,J,J, 

Located at the initiating unit (see PX-ll-307) are other program controls 

for the reader: the reader start button, the reader program pulse input terminal 

(Ri)and start flip-flop, the reader interlock pulse input terminal (Rl) and flip­

flop, the reader finish flip·flop, the reader synchronizing flip-flop, program 

output pulse transmitter, and progrl!.tl pulse output terminal (Ro), 
' 

The only program control for the reaner that is housed in the constant 

trensmitter is the reader start relay, 

The green motor generator signal light goes on when the reader is plugged 

into a source of power provided that the on-off switch is on, The reader can be 

plugged into any of the a-c outlet terminals found at the base of each unit of 

the ENIAC. Power is supplied to the outlets below panel 2 of the printer and 

• panel J af the constant transmitter only when the ENIAC• s heaters are on; all 
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Table 8-1 - RE~oDER PROGR.J.i CONTROLS 

Program Control !Location Use 

•l) Dn-off Sllitch !Reader Turns reader's motor generator on or off. Green signal light is on when generator is 
runnilll!. 

2} Initial Start ~ader Used to move first card of a deck into position for reading and to move last two cards 
· Switch throU2h the reader. 
_3) Ri. and start · Initiating When Ri is pulsed, start F .F. is set, start relay is activated, and card reading takes 

flip-flop !l"'d Unit place subject to items 6, 7, and 8. Program output pulse is transmitted at the end of 

start relay. Constant rea.<'ing subject to items 9, 1.0. and 11. 
Trn.nsmitte 

4} Fmergency Start Reader Parallels the circuit of item ) •. The reader continues to reacl subject to items 6. 7 • 
Switch 8 as long as this switch is closed. Does not usually cause the emission of a program 

output pulse when reading is completed since in the usual applications no interlock 
pulse is provided when this switch is used. It is chiefly used for testing the reader 
and constant transmitter. 

5) Reader Start Initiating Can be used to initiat~ the first card reading of a computation provided that the set-
Button Unit up does not call for a sequence in paralltol with the first card reading. The initial 

~~&.J!t switch should be pushed i.mctediately before or after the reader start button if 
all cards are in the ma~azine and there is not a card in position for readi.n~~:. 

b) Card Stacker Reader Prevents operation of itecs 2-5 when card stacker is filled. 
Switch 

r). Nag. CLC and Reader Prevent card reading by items 3-5 when magazine is empty. 
rP.lay l. 

B) CLC No. 1 for Reader Prevent card reacting by items 3-5 when there is no card before continuous roll 1. 
. CR tlo. l and 

rela.v 2 
9) CLC No. 1 for Reader Prevent reader frcm emitting a reset signal for the start F. F. and a finish signal' 

CR No. 2 and if there is no card before continuous roll 2. 
relay 60 

ll[}J Relay 59 Reader Prevents reac',er from 'emitting a reset or finish signal until the detail card follow-
in~ a master card nasses under the read brushes associat~d with roll 2. 

ll.) Rl and inter- · Initiating Note the reception of an interlock input pulse. 
lock flio-floo unit 

:~) Finish flip- Initiatil'!g Provide for the transmission of a program output pulse when reading, im.tiated by 
flop - Synehro- unit item 3. is ccnpleted provided that an interlock pulse is received. For reading 
nizing flip-flcp 
and Ro. 

· ~t:j.ated ~i".J~~'Il 5. progrm output pulse is transmitted 2 addition times after read-
~s co.,..,· e e .. _. . . . 
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other outlets are alive even when the heaters ere off, Switching the on-<)ff 

switch to the off p.Jsition turns the reader's power ~ff cOI!Ipletely• the reader can 

be prevented ft-on reading teoporarily by holding down ,tho sto~t key, 

• The foregoing reader controls :md others still to be discussed are 

Sl.lllllllal'ized in table 8-1, 

8 ,1,1, Program Input and Output Circuits 

The usual method for stimulating the reader to read a card in the course 

of a computation is to deliver a program pulse to Ri, A pulse received at Ri sets 

the reader flip-flop and, thus, causes the start relay to be activated, Now, with 

contacts lA and 2A closed and with the C~lrd stacker switch closed, the circuit to 

relay 3 is closed through a contact on the start relay (shown on PX-11-307). When 

relay 3 is energized, the clutch nagnets which cause the card feed mechanism to 

• operate are activated, Notice that relay 3 can be activated as the result of 

the setting of the start flip-flop only if there is at least one card in the 

magazine (so that relay 1 is activated through Mag CLC), there is a card waiting 

to be read by the control brushes (so that relay 2 is activated through CLC No, 1 

of CR No. 1) and, the card stacker is not filled to capHcity (so that the card 

stacker switch is closed). 

During the period 12.0 - 12.5 which is about l/7th the way through a 

reading cycle, the reader emits (via line 129) a reset signal for the start flip­

flop in the initiating unit provided that a detail, and not a master card, is 

• passing under the read brushes and provided that there is a card in contact with 

CLC No, 1 of CR No, 2 (see Section 8,3.3.). After the start flip-flop is reset, 

if another pulse is received at Ri, this flip-flop is capable of remembering that 

another reading cycle is to take place after the completion of the one in which 

• the reader is engaged, The operator is cautioned that a pulse delivered to Ri 
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before the start flip-flop has been reset is lost• 

During the period 9.5 - 13,0, at the end of a card reading cycle, a 

finish signal is emitted by the reader (via line 127) provided that the card 

• Whose nUI!lerical reading is being conpleted is not a master card and provided 

that there is a card in front of continuous roll No, 2 waiting to be read (see 

Section 8,3,3,), The finish signal sets the render finish flip-flop, When an 

interlock pulse is received and the interlock flip-flop, therefore, is set, gate 

2i acting on the coincidence of signals fro~ the finish and interlock flip-flops, 

emits a signal which allows a CPP to pass through gate 62, The output of gate 62 

sets the reader synchron,izing flip-flop, A CPP gated through gate ~ by the 

normally negative output of the synchronizing flip-flop resets the finish, inter­

lock, and synchronizing flip-flops and passes through the reader prograQ output 

• transmitter to be emitted through Ro as a program output pulse, 

Pushing the render start button initiates the same actions as pulse 

input to Ri, but als~ sets the interlock flip-flop, Hence no interlock pulse 

need be provided t~ obtain a program output pulse f-;,r a reading initiated by 

this control. 

The reader start button is intended for use at the start of a camputa-

tion whose first program c~nsists of card reading with no program sequence in 
' 

parallel, Provision has been made for the setting of the interlock flip-flop 

by the reader start button since, with no parallel sequence for the first card 

• reading, it would otherwise be impassible to provide the interlock pulse without 

which the reader does not emit a prograr.t output pulse (a.lso see Section 8,1,3, for 

the procedure for reading the first card of a deck), 

8,1,2. Emergency Start Switch 

• The energency start switch parallels the operation of the circuit con-
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sisting of Ri, the start flip-flop~ and the stcrt relay, As long as this switch 

is closed, relay 3 is activated under the same restrictions as were noted above 

in the discussion for the circuit which this switch parallels. Just as in that 

case, card reading takes place and a reset and a finish signal are emitted, The 

reset. signal has no effect since the start flip-flop is not flipped into the 

abnvroal state, The finish signal does, however, s~t the finish flip-flop, If 

an interlock pulse is n:'t delivered to Rl for a reading initiated by the emergency 

start switch, no pr"gram output pulse is emitted by Ro even thuugh the finish flip­

flop is set, Since nv output pulse is transmitted, the finish flip-flop is not 

reset, Theref~re, reading initiated by the emergency stcrt switch d:.es not leave 

the reader program contr:>ls in thr~ir normal state, 

In a readint~ initi~1tccl by the cnntrols discussed in Section 8,1,1, the 

reader st~>.os after one detail card. ,_,r after the detail card following one or more 

master cards, Vfllen the emergency start switch is used, the reader continues to 

read as 1-'mg as this switch is held closed, 

The emergency start switch provides a convenient means of testing the. 

reader and constant transmitter. It has the advantage that no program tray con­

nections are need.ed, If, moreover, there is a problem set up for computation on 

the ENIAC when the reader is tested, the use of the emergency start switch has 

the advantage that no program output pulse to stimulate other programs is emitted 

when reading is completed (unless an interlock pulse is received), 

8,1,3. Initial Start Switch- Procedure for reading the first card or a deck, 

Above it was pointed out that not only must the magazine have cards in 

it and the card stacker not be filled to capacity, but also, there must be a card 

in position before continuous roll No, 1 for card reading to be stimulated by 

pulse input to Ri, by the reader start button, or by the emergency start switch, 
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When the first reading is to be stimulated with cards in the magazine but no card 

in contact with CLC No. 1 of CR No. 1, the initial start switch is used. When 

the initir.l start switch is closed, relay 3 is activated through contact 2B which 

is closed because there is no c~rd in contact with CR No. 1, CLC No, 1. The first 

card of the deck is thus pushed under continuous roll No. 1 and read by the con­

trol brushes. If the initial start switch alone is pushed, then the reader stops 

before this first ca~d goes through a numerical cycle, If the start flip-flop is 

set(by the rAception of pulse at Ri or by pushing the reader start button) ·arter 

the initial st.:J.rt switch is pushed, relay 3 is then activated through contacts lA 

and 2A so that the first card goes through a numerical reading cycle, Reset and 

finish signals ~re emitted in the course of this cycle provided that the first 

card is not a master card, 

If desired, the start flip-flop may be set first and then the initial 

start switch can be closed, This switch then causes the first card to go through 

a control brush reading, Since there is no card in contact with CR No, 2, CLC 

No, 1, relay 60 is not activated and therefore, no reset or finish signals are 

emitted in this reading cycle. The start flip-flop thus remains activated, and, 

relay 3 is then activated through contacts lA and 2A. A cycle in which the first 

card is read for numerical data follows immediately and, provided that card No, 1 

is not a master card, reset and finish signals are emitted, 

Notice that relay 3 can be activated as a result of pushing the initial 

start switch only through contact 2B or the upper B contact of relay 1. Thus, 

the initial start switch can be used only when all ca.rds are in the magazine so 

th.rt 2B is closed or, at the end, when the magazine is e:mpty so that the upper 

B contact of relay 1 is closed • 

If n cards arc placed in the magazine at the beginning of a computation, 
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• the cycle in which card n-1 is read under continuous roll No, 1 and card n-2 

under continuous roll No. 2 is the last cycle which can be initiated by pulse 

input to Ri, or by pushing either th<l reader start button or the emergency start 

• switch. For, during this cycle, the nth card moves out of the magazine into 

• 

• 
• 

position before continuous roll No. 1. With the me.gnzine empty, Mag CLC does 

not make contact and relay 1, therefore, is not activated so that the reading of 

cards n-1 and n could be brought about only by holding down the initial start 

switch. The necessity for using this switch to cause the reading of the 2 final 

cards of interest to the computation can, obviously, be avoided by placing at 

least 2 dummy cards at the bottom of the deck (which becomes the top of the deck 

when the cards are placed in the rn.agazine - sec the note on PX-11-309), 

It blank carde are used at tho end of a deck and if they are not with•· 

drawn by the use of the initial start switch before the magazine is refilled, the 

operator should anticipate difficulty if the set .. up is one, in which the reader' s 

program output pulse stimulates the divider and square rooter to carry out a 

division program for which the denominator is derived from the card just read, 

For, when the magazine is refilled, the blank cards remaining from the last deck 

are the first cards read and the output pulse emitted when one of these has been 

read causes the divider to embark on an infinite process, division by zero. This 

difficulty can be circumvented by causing the reader's program output pulse to be 

suppressed for the dUJID!ly cards. If the plug board is wired so that the reader 

c.m rr cot::!'"'-7.-e r''>ster cards and if the dummy cards are punched with master card 

J.·,,,;:.ruc:·.ions (see Section 8,2,), no progr'.un output :.>Ulse will be emitted as long 

.,., ')N t'cP."lll'I,V' cards are read since the reader does not emit either a reset or a 

c":o.r:i.cP signal for a cycle in which a master card passes under continuous roll 

a , • ~ \see Secti'm 8 .3.3.), 
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• 8,2, POIJJUTY SWITCH ..:.tiD PWG BOARD 

The IBM plug board is a characteristic device belonging to IBM units, 

~ It is a detachable board containing a large number of single hole terminals called 

~. When the board is in place for operation, these hubs are connected to some 

line in the perr.lBllent wiring of the machine, Numerous small insulated lengths of 

wire are provided by which these hubs may be connected in pairs (occasionally in 

larger groups), thereby connecting in each case two or more lines in the permanent 

wiring, This process is called wiring the plug board, It may be done in an 

enormous variety of ways, thus achieving corresponding flexibility in programming, 

The possibility of detaching the board au a whole from the machine not only 

facilitates the process of wiring, but, by the use of spare boards, enables one 

~ to keep on hand a nucber of boards with programs wired up, 

The wiring of the plug board establishes, among other things, the cor­

respondence between columns carrying certain data on the cards and the relays 

storing the same dat~ in the constant transmitter, It provides also for storage 

relay groups which may be used for negative numbers in order to isolate minus 

indications from numerical data, 

There is on the reader a polarity switch whosu setting, in conjunction 

with the wiring, contributes to program control, Among the more important types 

of programming accomplished by the wiring of the reader plug board are those 

~ for reset control and group selection, 

• 
The IBM plug board for the reader is shown on PX-11-305. The various 

hubs are labelled on this diagram but certain additional words of explanation 

may be helpful, 

The No, l read brush hubs appear in lines l-4 of the plug board. These 
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hubs connect to the control brushes and their numbering corre~;~ponds to that of 

the columns on an IBM card. 

The two hubs on lines 5 and 6 which are above and below the letter C, 

are common, i.e., internally connected, One or both of these hubs may be used 

for control pu~oses. The hubs to the left of the C hubs are unused, 

The single hUb !Dal'ked RC on line 61 the 16 reset shunt hubs which 

appear at the left of lines 7 and 8, and tne reset control hubs on line 9 are 

used for the reset c0ntr·.>l progra.r.uning instructions discussed below, The number­

ing of the reset control hubs corresponds to the numbering of the 16 five digit 

groups of storage relays in the constant transmitter {see Table 8-2). 

The group selection hubs on lillEls 5 and 6 which are ~;ornmon hubs and 

• those on lines 18-29 are used for group selection instructions as explained later 

in this section, The group selection hubs on lines 18-29 are arranged in 16 five 

digit groups, For each digit there are three hubs, C, A, and B. When group 

selection (see below) takes place the C and B hubs are internally connected; other­

wise C and A are connected, Each of the group selection hubs above a number on 

line 5 is comrn.on with the hub below the same number on line 6, Each pair of hubs 

on lines 5 and 6 corresponds to the 11.-B-C group of the same n=ber on lines 18-29, 

The minus contt-ol hubs appear on lines 15 and 16, Each hub above a 

number is common with the one below the same number, Minus punch information 

• ia routed through these hubs to the PM' and PM" relays cf the correspondingly 

numbered groups in the constant transmitter. 

The No, 2 read brush hubs are the outputs of the No. 2 read brushes, 

Numerical data read from any of the 80 columns of an IBM card is delivered to 

..., the correspondingly numbered hub of this group, 
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The storage rcl~y hubs on lines 31-34 connect to contacts on tho constant 

transr.dtter' s coding relays and ultimately to the st. Drage relays, The correspond-

ence between the numbering of the 16 five digit groups here and the labelling of 

the ""ints on the constant selector switches is sh.Jwn in Table 8-2, 

The two kinds Jf progrrumng instruction which the reader recognizes 

are reset control and grc;u;.' selection, The rt3set control instruction refers to 

distinguishing between Jcle.ster and detail cards. As long as detail cards are read, 

the reader caus<ols information stored in the storar;e relays as a result of the 

re~.ding of the previous detai.l card to be dropped out before new detail infer-

mation is stor-Jd
7
and c.lsa causes informa.tbn stored in the storage relll¥s as a 

result of the reading •;f the l~·st !'taster c 1.rd to be rotr.:ined (provided the plug 

board is so wired). Reset contr"l opere.tes wh•m a naster card is read, This 

means that the reader caus~s 1111 inf•;rr.lf•.ti·Jn, b.:Jth master and detr~il, to be 

dropped out of the storage relcye and new master information from the master 

card to be placed in st•)re.r;e. Als.), when reset control takes place, the card 

following the master card (usually a det~dl card) is read imnediately after the 

oaster card, No reset or finish signal is err~tted until the reading of a card is 

col!lpleted, 

The P,roun seleati:>n instructi:,n, which m.ay be given for either a master 

or detail card, makes it possible for data frQ[! one field to he placed normally 

in certain storage relays, anc, when group selection operates, in a different 

group of storage relays, 

h. second form of group selection instruction j.s used when it is desired 
nomally 

to st,n•e in one set ~'f storacCJ relays infJrma.tion whicb;t"{lccurs in a given field 

of the card, but which is found in a different field of the card when group 

selection is to occur, 
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The first fom of group selection is convenient when using a set of 

cards, perhaps master and detail, which are so punched that the same field used 

for master information on the naster card, on the detail card is used for detail 

• information, The second form of group selection would be useful for a set of 

cards consisting of two subsets in which there appeared data for the same quantity 

sometioes in one field an0 sometimes in another, 

The polarity switch has two p<Jsitions, normal and abnormal, With the 

polarity switch in the normal position, programming instructions for reset control 

a.nd/or group selection are always specified in a given column of the card with 

different instructions being specified by different punches, With the polarity 

switch in the abnormal position, programming instructions are given by a specific 

punch with the different instructions being distinguished by the different columns 

• in which the specific punch appears, The polarity switch makes possible this 

flexibility by interchanging the connections to the source of power so as to make 

the polarity consistent with plug boarcl wiring, It is important to note that the 

setting of the polarity switch must not be altered when the ~eader 1 s mo~or genera­

tor is on (green signal light is on) , 

With the polarity switch in the normal posi.tion, the column which is 

to contain punches for ;)rograrnming instructions is specified by plugging from one 

of the C hubs to the No, 1 read brush hub corresp,mding to that column, If 

desired, the control punch may ap;>ear in either column i .2!: j, This latter in-

• struction is specified by plup,ging one of the common C hubs to the i hub and 

the other C hub to the j hub of the No, 1 read brushes, 

• 
The particular punch appearing in the given column (or columns) which 

is to signal for reset control is specified by plugging from the RC hub to the 

digit selector hub corresponding to the particular punch, A punch read no later 
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• in the card reading cycle than a 6 punch should be used to stimulate reset con­

trol in order to allow sufficient time tor the reset control progr81!111ing circuits • 
to function properly (see Section 8,3,1.), Finally, the master information group* 

(or groups) is (or are) specified by plugging from the reset control hubs cor-

• related with tha group (or groups) to any or the reset shunt hubs, Drawing 

PX-ll-305 Rl presents an illustrative plugging tor reset control instructions 

when the polarity switch is in the normal position, 

With the polarity switch in the normal position, the particular punch 

(in the column or columns specified by the plugging tram C to the No, 1 read 

brushes) which gives a group selection instruction is specified by the plugging 

from the digit selector hubll to the group selection hubs immediately above, The 

card fields and storage relay groupll involved in the group selection and the man-

ner in which they are involved a.re designated by the plugging from the No, 2 1'8ad 

• brushes to the ·group selection hubs on lines 1.8-29 (corresponding to the ones used 

on lines 5 and/or 6) and then fran these hubs to the storage relay hubs. Group 

selection in which data tram either of 2 fields on the card is placed in a single 

storage relay group is provided for by plugging the 5 hubs of the storage relay 

group to the C hub of the group selection hubs and by plugging the five No, 2 read 

brush hubs from which data is normally taken to the A hubs and the five No, 2 read 

brushehubs from which data. is taken when group selection occurs to the B hubs or 

the group selection hubs on lines 18-29. Graup selection in which da.ta from one 

field on the ca.rd is ordinarily put in one group of storage re~a.ys but in another 

• group when group selection taka. place is specified by plugging the No, 2 brush 

hubs tor the card field to the C hubs and tho A hubs ot the group seleetion ro­

la.ys to the usull storage relay hubs and the B hubs to the hubs or the st.orage 

relays used when group selection takes place, 

*Master information group is used to mean the group or constant tran191Ditter storage 
relays which stores information from a master card, releasing it only when a new 
master card is recognized. 
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PX-11-305 R2 illustrates plugging for both types of group selection if 

the polarity switch is in the rtonnal position. It is to be noted, incidentally, 

that group selection for more than one group m~ be made to depend on the appear­

ance of a given punch in the control column. For example, if group selection for 

groups 12 and 13 were desired on the presence of a 6 punch, this could be specified 

by making connection k as shown on PX-11-305 R2 and, in addition, cross connecting 

.the other group selection hub 13 to either of the group selection hubs numbered 12. 

With the polarity switch in the abnormal position, control is indicated 

by a specific punch and the different forms of control by the various columns in 

which the specific punch occurs. The particular punch is designated by plugging 

from one of the C hubs to the digit selector hub corresponding to that punch. 

The fact that reset control is to take place because this special punch occurs 

in a given column of the card is indicated by connecting the RC hub to the No.1 

read brush corres~onding to that column. A connection from a group selection hub 

to a read brush.hub indicates that group selection is to take place when the 

particular punch appears in the column corresponding to the No. 1 read brush hub. 

PX-11-305 R3 shows a plug board arraneement for programming instructions when the 

polarity switch is in the abnormal position. 

The N'J.2 road brush hubs associated with card fields used for positive 

numbers only may be plugged to the storaee relay hubs directly or through the 

group selection hubs in any .manner desired. Card fields which at some time carry 

negative numbers require special minus control wiring of the plug board so that 

!!linus sign indication can be delivered to the FM' and PM" releys in the constant 

transoitter and so that the digital information appearing in the same column can 

be delivered to the proper storage relays. 

Minus control plugging consists ot connecting the It>.2read brush hub 

associated with the column in which the minus punch appears to all the minus 
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• control hubs havin" the sa1:1e numbers as the :;rcmps of stor:J.ge relays in which 

the information from that card field is stored and then connecting from these 

minus control hubs to the storage relay hub C•)rresp•)ndinf~ to the storace rosition 

~ of the numerical data in the col~ containi~s the minus punch, !be' No.2 read 

brush hubs for the columns of the se.me field which do not carry a minus ;Junch 

are plugged directly to tho appropriate st::>rage relays, 

Where group sele cti<m intervenes betw0en the N·,\2 read brushes and the 

storage relays, in the "C to No.2· read brushes - J,. and B to storcge relay" type 

of group selecti:m, r.dnus control plugging is conv<miently done fror.\ No, 2 road 

brush to r.dnus control hub (or hubs) to C ;;roup selection hub r.,nd then from h. or 

B hub to storage relay hub, In the 11C to at-orago relay - J, and B to N'l2 J'Cad brush" 

type of r,roup selection, minus control plugi(ing nc.y be carried out frDr.l C hub to 

• minus control hub (or hubs) and then to stora,gc reley hub, An illustrative plug 

• 
.. 

board arranr,enent for r..inus control plugginf! is shown on PX-11-305 R4, 

8,3, PRQGRi,MMING CIRCUITS OF THE REi,DER (Refer to PX-U•U9 and PX-ll-309) 

The programming circ1dts of the reader consist of the reset control, 

group selection, reset signal, ann finish signal circuits, The discussion for 

the first 2 circuits will bo mr"de with the assur.l;)tion that the polarity switch 

is in the normal rosition and that the rluts b.)ard is wired accordingly, 

8 .3,1, Reset Control Circuits 

Infornation remains stored in the 16 grou;Js of stc.rar,e re:)..ays in the 

constant transn:i.tter by virtue of the signals deliver~Ko over lines 81-96 when the 

correspondinr, contacts on the storage holding relnys 4-6 are cl::>sed, Relays 4-6 

are activRted during period ll,O thNugh 13,7 while can P2 Eakes contact. When 

P2 breaks at 13.7, c·Jntacts on all the storaee holC!inc' relays release so that 
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at this tine infonnation is always drop;led out of all storage rel~ groups for 

which a shunt connection has not been ~de fron reset control hubs to reset 

shunt hubs on the ?luc board, The contacts on all the reset shunt relays 5~58 

remain closed and thus cause the retention of information in the storage relay 

groups which they control by reason of pluc: board wiring, The contacts on relays 

5~58 release to allow information in these storage relay groups to be dropped out 

only when relays 5~58 are activated, 

When a r.~stcr card is read relays 56-58 are activated through the inter­

action of the c0ntrol brushes, the eoitter, and reset control relay 23. The 

emitter has a moving arm which makes contact with the 12 dif;it selector hubs in 

synchroniSD with the reacting of the corres;1ondine punches on the card. 

In reset c:mtrol ;1lun;ing, it is to be recalled, a connection is made 

between a control brush hub and the C hub which is internally connected to the 

pick up coil of R23 and to the RC hub and also between the RC hub and a digit 

selector hub which is internally connected to the emitter. The signal on this 

line when the reset control punch is read causes the pick up coil of R23 to be 

picked up. The hold coil of R23 holds until cam P5 breaks contact at time 13.7. 

While R23 is activated,, contact B of this relay is closed so that relays 56-58 

pick up when cam: P8 makes contact at time 8, These relays hold until cam P9 

breaks at 12,5, Thus, in the perbc'! that relays 56-58 are activated the contacts 

or. these relays used for reset shunting are open so that information is dropped 

out of the storage :-elays holding n.a.ster infonnation as well as out of the detail 

infonnation groups. The tilld.ng of the events discussed at,ove is shown on PX-11-308. 

The fact that relay ~7 is activated when reset control takes place also 

,... has repercussions on the reset and finish signal circuits which will be discussed 

in Section 8.3.3. 
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• From the time that Ri is pulsed for the reading of card i + 1 until 

13,7 in the cycle for card i + 1 when data from card i is dropped out, the con-

stant transmitter may be called on to transmit data from card i, This period 

• can safely be taken as 50 addition times, 

• 

• 
• 

8.3.2. Group Selection Circuits 

There are two sets of group selector relays, 7-22 and 24-55. Each of 

relays 7-22 controls a pair consisting of an oven and tho immediately succeeding 

odd numbered relay of the collection 24-55. Three contacts of each even numbered 

relay and two of each odd numbered relay of the collection 24-55 are used to pro­

duce a circuit between the B and C hubs (instead of between the A and C hubs) of 

a five digit group when one of the relays 7-22 and, thus, a pair of the relays 

24-55 is activated, 

Group selection plugging from a control brush hub to a C hub which is 

internally connected to tho pick-up coils of relays 7-22 each of which, in turn, 

is connected internally to one of the group selector hubs (l-16) and, thence, by 

plug board cozmection to a digit selector hub and finally to th~ emitter allows 

the signal which occurs when a group selection punch is read to pick up the 

appropriate reley of the assemblage 7-22, Once picked up, such a relay (or relays) 

holds until cam P5 breaks contact at 13,7. While one of the relays 7-22 is 

activated the corresponding pair of relays of the 24-55 collection is activated 

through the B contact of its controlling relay when cam P6 makes contact at time 

9,7, This pair of relays then holds until time 9.5 (when cam P7 breaks contact) 

of the reading cycle following the one in which the group selection punch is 

recognized, Thus, in the numerical reading cycle of a card for which group 

selection takes place, the circuit between read brushes for groups effected by 

group selection and storage relays is by the B-C route instec.d of the J...-C route, 
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The timing of tho events describ~d above is shown on PX-11-308 where it is assumed 

th~t group selection is stimulated by some punch on master card m. 

8.,3,3. Reset and Finish Sign:ll Circuits 

Provided that relez 60 is activated and relay 59 is not
1
a reset signal 

is emitted via line 129 during the period 12,0 - 12,5 when cam P4 makes, and a 

finish signal is emitted via line 127 dUring the period 9.5 - 13 when cam P3 

makes, 

Relay 59 U. activated when cam Pl makes (13.1 - 14,9) through contact 

R-57 AU provided that relay 57 has been activated; R59 holds until 13,0 when 

cam PlO breaks. Now, in Section 80 3,1, it was pointed out that relay 57 is 

activated during the period 8,0 - 12,5 which is the end of the control reading 

cycle and the beginning of the numerical cycle for a master card. Thus, when 

cam P4 makes during.12,0- 12.5 and a master card is entering its numerical cycle, 

no reset signal is emitted. Recalling the discussion in Section 8,1, concerning 

the reader program controls in the initiating unit, one can see that since the 

start flip-flop is not reset, the start relay remains activated (until a reset 

signal is emitted during 12,0 - 12,5 in the next reading cycle) and that the 

reader, therefore, proceeds with a cycle following the one in which numerical 

data is read from the m<o.ster card before it stops, 

Similarly, since relay 59 remains ~ctivatod through time 13,0 of the 

numerical reading cycle for a master card, no finish signal is emitted and there-

fore no program output pulse can be emitted through Ro on the initiating unit 

until the reader has gone through a numerical reading cycle for the detail card 

following the master card, 

The timing of the activation of the various elements involvod in pro-

ducing reset and finish signals when a sequence consisting of detail-master-detail 



// 
...... _ 
·:;;;;;· "'"'";':~;-•~ 

.. ,... ' ....... , 

... ; 

• 
. " •.. 

1: 
·~ ·~ r~. 
~J ~ 

~ ? 

·-
.-· 

·-:, 



• 
• 

• 

• 
• 

VIII - 25 

cards is read is shown on PX-ll-)08, 

Relay 60 is not activated when there is not a card in position to move 

under continuous roll No, 2 (i,e, when CR No, 2, CLC No, 1 is open), This cir­

cumstance c= arise when a ce.rd jams in passing under continuous roll Nq,l,when 

the ree.der is started (from rest) by puBhing the rm;dcr start button or by the 

reception of a pulse at Hi and then depressing the initial start key (stle Section 

S,l,3,), or whon the last. C<crd of n duck is p~.ssing under continuous roll No, 2, 

Thr; previous discussion may bll sUilll1larized as follows: In general, when 

a det;:lil card passes under continuous roll ~To. 2, the ro;ader Em1its a reset signal 

dur-ing the period 12,0 - 12,5 of the cycle or when the ce.rd reading cycle is 

D.bout l/7th completed, This signal resets the st.:>rt flip-flop so that subsequent 

to the reset signal, this flip-flop is capable of noting the· reception of a pro­

gr:.un pulse by Ri, With a. safety factor included, about 750 addition times should 

be allowed from the time th:'t Ri is stimulated until it is stimulated again if all 

cards ir a deck ara detail cards, Also, a finish signal is emitted at the end of 

every cycle in which a detail card is scanned by the rew brushos; Thus, about 

2500 addition times elapse between the time whsn a detail card reading cycle 

commences and a program output pulse is emitted (provided that an interlock pulse 

has been rec•d ved). 

No reset or finish sir,ru.ls arc emitted in the num<Jrical cycle for n 

master card, Thes" signa.ls are, however, emitted durint; the nun<'Jrical cycle for 

the detail card f•Jllovling a master card, When d.ecks cont,ur.in!l both masttlr and 

det~l cards are usGd, approximately 3200 addition times may elapse between the 

r•;ception of a program input pulse at Ri and the resotting 'Jf the start flip-

flop and a program output pulse may not bo emitted until about 4400 addition times 

(as many <lS 2500 addition times for the reading of the master card and about 1900 

for the detail card) nft~r reading is stimulated. 
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No reset or finish signals are emitted if a card jams in passing under 

continuous roll No~ land no finish signal is emitted for the last card of a deck. 

8.4. NUMERICAL CIRCUITS OF THE READER 

The circuits in the reader which are used for numerical purposes are: 

1) coding earns CBl-CBS which emit signals to activate the coding 

relays in the constant transmitter via lines 115-122 (see 

PX-11-119) 

2) coding cam CB9 which activates the constant transr.dtter' s PM 

isolating relays by means of a signal carried on line 114 

3) the read brushes which, by means of plug board wiring to the 

storage relay hubs, remit numerical indication signals over 

lines l-80 to contacts on the coding relays and thence to the 

storage relays and which, by means of plug board wiring to the 

minus control hubs, remit minus indication signals over lines 

97-112 to the PM' and Pll" relays in the constant transmitter. 

These circuits will be discussed in greater detail in Section 8.6, 

NUMERICAL CIRCUITS OF THE CONSTANT TRANSMITTER. 

8. 5. PROGRiJII CONTROLS AND PROGRAMMING CIRCUITS OF THE CONSTi.Nl' TRhNSMITTER 

The 30 program controls (see FIX-11•307 end 11-302) of the constant trans-

• mitter, each consisting of a transceiver, program pulse input and output terminals, 

and a constant selector switch, are subdivided into 5 groups of 6 program controls 

each. Groups 1 through 5 r!'spectively consist of the following program controls 

1-6, 7-12
1 

13-18, 19-25, and 25-30. The 30 transcdver neons associated with the 

• program controls are shown on PX-11-306. 
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• Each const~nt selector switch of a group of 6 is connected in parullel 

with the other 5 switches of the group to the progr'l.III!lli.ng circuits which elect 

for transnission a signed 5 or 10 digit number from among the 4 signs and 20 digits 

4lt controlled b1 that group, For exemple, an1 of the first six switches can be used 

to select for transmission either of the signed ten digit numbers A or B or 
LR LR 

one •)f the 4 signed five digit nU!!lbers, i..L, AR, ~· or Ba· However, because of 

the wa1 these six switches a.re connected in parallel, it is n:1t possible to elect 

the transnission of a signed 5 digit L or R group on one switch and the trans­

mission of the signed 10 digit LR group having the same letter on another switch, 

For each 5 digit group (whether read from cards "r set up ma.nuall1) 

there are 20 constant selector gatos (4 gates per digit), For the first 5 digits 

in the storage re1a1s, for example, thaso gates are nur~bered B' - L' l and B' -

4lt L' 21 (see PX-ll-307), These gates er.dt a signal on the coincidence of a signal 

4lt 

• 

from a constant selector switch and the activation of the storage rela1 to which 

the constant selector gate is connected or on the c.?incidence of a signal from 

a constant selector switch and a signal from one of the constant switches. 

i,lso associated with each 5 digit card group is a minus selector gate 

and a conplenent correction selector gate. Each 5 cligit gr"up that can be set 

up on the switches located (m panel 2 af the constant transmitter has a minus 

selector gate but not a cocplencnt correction salector gate, 

These gates emit signals on the coincidence of a signal from a constant 

selector switch and a signal from either a minus setting on a PM set switch or 

from an activated PM' or PM" relS¥, The minus selector ga.tes control the putting 

in of the 9P for sign indication when a negative number is transmitted and the 

complement correction selectcr gates control the puttit~ in ~f the l 1 P needed 

to make a tens complement when a number punched on a c~rd as a negative number 



• TABLE 8-3 

GhTES CONTROLLED Bl' POINTS otl FIRST 6 CONST!,NT SELECTOR SWITCHES. 
-· 

... ______ 
"" - I • -~DtflWID 

,. 
Ftiia!OlJ OP- l'~~;c~r'

41 ~{)ftl'i' FUNCTION (6 
RYFffiST DECK Gi.TE Gi.TE 

• AL A1 1 LILS B' - L' 1 constant selection 
(2nd input from for group 
PM r~tay for ~ 

@-L' 
AL 

IO'Oun 21 
Al21 

(2nd input from L C C S (2nd inputs frOJ 
PM r~~ for AL 
I~Zroun 

storago relays) 

"a A1 41 RMS B' - L' 41 constant selection 
(2nd input from for group ' 

PM relay for J..R B1 - Ll 61 
.... R 

group) A' 61 
(2nd input from R C C S 
PM r~tay for J..R 
lZrOUD 

• 
ALR Ji.ll LMS B• - L' 1 constant selectiem 

s• - L' 21 for group~ 

B' - L' 41 constant selection 
B' - L' 61 for group Aa 

J..l 61 R C C S 

BL A12 LMS B' - L' 2 constant selection 
1. 1 22 . L C C s B' - L" 22 for group~ 

----
Ba ii. 1 42 RMS B• - L' 42 constant selection 

B' - L' 62 for group Sa 

• ~ A' 2 LUS B• - L' 2 constant selection 
B• - L' 22 for group ~ . 
.B• - L' 42 constant selection 
B• - L' 62 for group Ba 

AI 62 R C C S 

• 
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is er.littod from the crmstant transmitter, Neg~tive numbers are set up as tens 

complcnor!ts r.m t:1" switches of pnnel 2 so that no complement cor->-ection selector 

gates had to bE'l prc>vided for those groups • 

..ssociatc.d with the fivo-dir:it groups hc.ving subscript L a.re left minus 

selector (INS) nnd, in the case c;f card groups, loft conpl<Jm<mt correction selector 

(LCCS) gr>tils; v>tcUe tha groups with subscript R have right minus so lector (R1iS) 

and right conplumont c:Jrrection selector (RCCS) ~r.tes. The 10 digit LR groups 

have :U.IS gates and RCCS ;.;ates. The I.MS gates control the passine of the 9P to 

only tho PM lead; the m.!S g~.tss, to the PM lee.d and 5 left hand places as well. 

The LCCS gates or RCCS gatos respectively contr::>l the puttinc in of the 1 1P in 

the 5th or lOth deca.de place fNm the left. 

When a Cc)nstant transmitter prr)grarn control is stiraulatoc, signals from 

the 2 decks of the control's constant selector switch are delivered to the 

appropriate constant, minus, and cooplement correction selector gates, Table 8-3 

illustrates how tho points 0n the first 6 const&nt selector switches are con­

nected to the w,.rioua selector gates. The questi.:m of how the selector gates 

affect the cligit pulses ei:".itted fron the digit output teminal will be taken 

up in Section 8.6.2. 

The constant ch·C>sen for transl!lission is emitted thr(>Utlb the digit out­

put terminal on panel l ~f the constant transmitter ruring the 20 pulse time 

peri o d following the reception of the program input pulse. The program 

control used er.~its a program output pulse at the end of the adcition time in 

which the constant is transmitted, 

The constant transmitter can be stionulated to transmit a constant stored 

on the manual set switches at any time in the ccurso c>f a cor.~putation. Constants 

re!t.d from a. given card can be cal.lecl for any time in the period between the pro-
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gram output pulse emitted by the reader when that card is read and 50 addition 

times after the :·eader is stimulated to read the succeeding card (see Section 8.3.1). 

In general, only one program control on the constant transmitter can be 

stimulated i."l. a given addition time, Circumstances may, however, arise in which 

the operator wo,t..l.d c'.esire to stimul.a.te·two program controls simultaneously, 

co.-.sider, for example, a set-up in which the following rather particular-

ized conditions ere found: 

1) accumulator program controls are nearly exhausted 

2) 5 digit numbers are used 

3) both arguments for a multiplication program are derived from the 

constant transmitter, 

If the normal method of using the constant transmitter were used, both the ier 

and icand for the multiplication could not be transmitted simultaneouslY from 

the constant transmitter and received in the argument accumulators by moans of 

the semi-pennanent progranming connections (Ra.-R£ and lh-De), Therefore, an 

additional program control on one of the argument accumulators would have to be 

e:xpended. Under certain specialized conditions which do not conflict with the 

way in which the leads of the digit output terminals aro used (see Section 8,6.2,1) 1 

two constant transmitter program controls can be stimulated simultaneously pro-

vided that a total of no more than 10 digits and a PM are called for, 

Another special case which can arise is that the constant transmitter• s 

program controls may not be adequate in number for some set-up. Under certain 

circumstances (see Section 8,6,2,1,) the LR setting of a constant selector switch 

makes it possible to obtain 2 five digit constants at the expense of only one pro­

* gram control, This procedure, however, must nevor be used if at any other time in 

*Another way to circumvent a shortage of constant transmitter program controls is, 
of course, to make use of the master programner, 
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the computation the Lor R group identified by the same letter A, B, •••• K is 

called for separate.'_y '~S mentioned earlier in this section, 

8 ,6, NIJI.!ERIC;;L CIRCl!I'''S OF THE CONSTANT TRANSMITTER 

8.6.1, Storing Information from Cards in the Constant Transmitter 

Digital information is stored in rive-digit bloc~ each using 5 groups 

consisting of 4 storage relays each, PM indication ror each 5 - digit block is 

stored in the associated PM 1 and PM11 relays, Each storage relay bears the 

designation i-j where i identifies the particular one of 80 digits an~ where j 

has the value 1, 2, 21 or 4 of the pulse code in which the digits are transmitted 

from the constant transmitter, The digits re'\d from a card aro coded in the 1, 2, 

2', 4 code by means of coding cams in the reader and the PM, isol;..ting I'M' and PAt!" • 

and coding relays in the constant transmitter before being put in storage, 

The pick up coils of the 6 PM isol:!'.ting relays are connected via line 

114 to coding ~am CB9 which me.kes contact while PM punches are read (see PX-11-307). 

The PM' and PM11 relays for each 5-digit block are connected through a contact on 

one of the PM isolating relays (labelled R on the schematic diagram shown on 

PX-11-116) to the line (97-112) which carries the minus indication signal for 

that block of digits, If a !:linus punch is road for the group, the I'M' and I'M" 

pick up and hold until information is dropped out when a new card is read or when 

reset control takes place, Since the isolating relay contact is closed only during 

the period 14.5 - 11,5, digit information punched in the same column as amlnuspmch 

cannot activate the PM' and PM" relays, 

The pair of PM relays serves not only to rer.~ember sign indication, but 

also aids in converting true negative numbers on tho cerds to nines complements, 

When the PM relays are activated by a minus punch, the coding relays (c
1
-c

8
) used 



TABLE 8-4 - ACTIVATION OF CONSTi>NT TR!>NSMIT'lER STOOAGE REIJ,ys 

Punch Energized ooding Cams Activated Coding Relays kotivated Storage Relaya 

- 2-- - - - - none_ - - - - - ------------- - - - - - - - - - - - - -• _, 
CBl C1 or C2 1 
CB3 C3 or C4 2 
CB5 c5 or c6 2' 
cs7 c:> or c;;: 4 --

+1 CB2 c1 or c2 l 
1- - - - ------------ - - - - - - - - - - - - - - - - - - - - - - - - - -

• -1 CB3 c3 or c4 2 
CB5· c5 or c6 2' 
CB7 c7 or c8 4 

+2 CB4 ___ cl ~r_c~ ______ 2 ---- - - - - - - - - - - - - - - -- --- - - - - - -
-2 CBl c1 er c2 1 

CB3 c3 or c4 2 
CB7 c7 or c8 4 

-+3 c1 or c2 1 CB2 
C:B4 c3 or c4 2 -- .. - ~ ~ -.- -.~-- ~ ~--- -:. .... -~- ~-- -- -.. ~-- ~ ---· ... --------I -3 CB:; C or C 

. . .. . . 2 .. 

CB7 c~ or~ 4 

+4 CBS C7 or c8 4 ---- - - - -- - - - - - - - ------------- -------------

• -4 CBl c1 or c2 l 
CB7 c7 er c8 4 

+5 CB2 CiorC2 , l 
. CBS c1 er c8 4 - - - ~ - - - - - - ~ - - -- - - - - . - -- - - - - - - -------------

-5 CB7 c7 or cs 4 

+b CB4 13 or c4 2 
CBS c1 or c8 4 ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

-6 CB1 e1 or c2 1 
CB3 c3 or c4 2 

+7 CB2 c1 or c2 1 
CB4 C3 or c4 2 
CBS c7 or c8 4 ---- -----------· - - - - - - - - - - - - -------------

-7 CB3 c3 or c4 2 

• +8 CB4 c3 or c4 2 
CB6 c, or c6 2' 

j....---
CBS - - - cz ~r-ca - - - - - - 4 ------------ - - - - - - - - - - - - -

-8 CB1 c1 or c2 1 

• 
+9 CB2 c1 or c2 1 

g~ c~ or ci 2 
C or C 2' 

CBS Cz or Ce 4 
1---- ------ ------ --- ----- ---- -- - - - - - - - - - - -

-9 none ----
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• for a five digit block are connected to the odd numbered coding cams, Otherwise 

the coding relays ~re connected to the even numbered coding cams, 

Each of the 4 coding cams CBl, CB3, CB5, and CB7 or CB2, CB4, CB6, and 

• CBS is connected through contacts on the PM' and PM" relays to the pick up coils 

of a pair of coding relays (one even numbered and one odd numbered relay), Various 

combinations of the coding cl?.l!'.s make contact as the different digit punches are 

ruad by the read brushes (see the coding cam time table nnd Table B-4), When a 

coding cam makes contact it activates the pair of coding relays to which it is 

connected, The coding relay picks up and holds as long as the associated coding 

cam makes contact, 

A signal for a punch appearing in one of the first 3 places of a 5-digit 

block is delivered to one contact on each of the odd numbered coding relays and a 

• signal for either of the 2 remaining places of tha block to a contact on the even 

numborad coding relays, Only the contacts on relays activated at the particular 

time when the punch is read are closed so a.s to allow the punch signals to reach 

the storage relays, 

A signal carried on the i lead (i=l, 2, ,,,, 80) and passing through a 

contact on coding relay C or C sets up the i-1 stor&ge relays; a signal through 
1 2 

a contu.ct on coding relays c
3 

or c
4

, the i·-2 relays; a signal through a contact 

on c
5 

or c6, the i-2 1 relay; and a signal tt~ough a contact on c
7 

or c
8

, the i-4 

relay, Table B-4 shows which coding C!lns are energized es the different punches 

• are read, the coding relays that are activated as a result, and the storage relays 

• 
which are set up when a given line is passi'l~ over the ree.d brushes if such a. 

punch appears in a column of the card, The hold contacts on the storage relays 

for groups A1 thr(>UI~h Ha ara connected to lines Bl-96 rGspectively so that, once 

set up, these r£Jlays hold until a new card is read or until reset control takes 



• 
TnBLE S-5 

• USE OF DIGIT OUTPUT ID.DS FOR CONST,.IIT SELECTOR SWITCH Sb."rTINGS L, R, or LR 

- - ---
Lead L H LR 

:1\1 0 or 9 sign pulses 0 or 9 sign pulses 0 or 9 sign pulses 

10 digit pulses 0 or 9 sign pulses digit pulses 

9 digit pulsea 0 or 9 sign pulses digit pulses 

8 digit pulses 0 or 9 sign pulses digit pulses 

·-

• 7 digit pulses 0 or 9 sign pulses digit pulses 

6 digit pulses snd l'P 0 or 9 sign.pulses digit pulses 
for negative L group 

5 digit pulses digit pulses 

4 digit pulses digit pulses 

3 digit pulses digit pulses 

2 digit pulses digit pulses 

• 1 digit pulses and l 1 P digit pulses and l'P 
for negative R group for negative LR group 

·""" 

• 
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• plae<:, 

A ,6,2, Transr.d.tting Inf~rma.ti:m from the Const&~t Tr<msmitter 

In general, only one siBned 10 digit or signed 5 digit number can be 

• transmitted from the constant tronsmitter in an addition tine, The digit output 

terminal on panel 1 of the constant transmitter h~s 10 digit leads and a PM lead, 

Each of tho 10 digit leads is fed by 4 coding gates, tho 1, 2, 2', and 4P gates, 

The digit leads for the fifth and tenth decade pl.'J.ces from the left can also re-

ceive pulses fror.1 a gate which passes th<> 1 1 P, The PM lead ond the digit leads 

for the first five decade places from the left are connected to gates which pass 

the 9P (see PX-11-307 and Table 8-5). 

8.6.2,1, Constants read from a card 

The 1, 2, 2' and 4P gates for tha first decade place from the left are 

• controlled by the 4 constant selector gc.tes which receive one input from the 1, 2, 

2' and 4 storage relays for the first digit of the L group, and the 2nd input from 

an L or LR point on a constll.llt selector switch; the 1, 2, 21 , and 4 pulse gat"'s 

for the second decade pl.:J.ce from the left are controlled by the constant selector 

gates which receive :)ne input from the 1, 2, 2' and 4 storage rel!.ys for the 
' 

second digit of the L group and the 2nd input from an L or LR point on a constant 

selector switch, etc, 

The gates which allow ·the 1' pulse to pass to the 5th or lOth from the 

left decade place leads respectively are controlled by the left or right cample-

• ncnt correction selector gates. The gates, which allow the 9P to pass to the PM 

'-'·>'.d or to the PM lead and the first 5 decade pl~.ce l~r~ds frQr.l. the left, are con-

·c!':).'..lc;d respectively by the left ·?r right :Jinus selector gates, 

When a constant transr!litter program control is stioulated, the selector • _gates chosen by the setting of the constant selector switch (see Table 8-3) emit a 
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signal if their corresponding relays have been activated, The signals thus emitted 

open the gates controlled by such selector gates and allow appropriate numbers of 

pulses to be transmitted over the 11 leads of the digit output terminal, The leads 

• of the digit output terminal transmit information as shown in Table B-5. 

In Section 8.5, the statement was mado that two constant transmitter 

program controls could bo simultaneously stimulated or 2 five digit constants 

could be transr:d.tted simultaneously provided that no logical conflict existed in 

the dern.ands thus put on the leads of the digit output turminals. 

Consideration of Tables 8-3 and 8-5 shows the eases in which the sit.!ul­

taneous stimulation of two program controls is possible, Certain possible cases 

are tabulated in Table 8-6 (cases not shown can be argued similarly). The illus­

trations of Table 8-6 involve groups A and B but any other pair of groups (with 

• both not necessarily being controlled by the sume group of 6 constant selector 

switches) can be treated in the sarna way, 

• 
• 

Similarly, it can be seen that a 5 digit L and a five digit R subgroup 

of the same ten digit group can be called for simultaneously by the stimulation of 

one constant transmitter program control set up for LR transmission when: 

1) Both subgroups are always positive 

2) Tho left subgroup is always positive and the right subgroup always 

neg.~.tive provided that the_ sign of the right subgroup is corrected 

at tho roceiving accumulator. This involves picking up the 11 P 

3) 

i.!l tmj.ts decade of some accumulator and then transmitting it to 

t!J~: 7J·! d·,c;;:lr> ,,f the accumulator which receives the R group, 

Bo}t, .-mbgrours ~.r<. always negative provided that the l'P needed for 

a tens complomo:;.t is provided at the accumulator which receives the 

left subgroup, 



• 
• 

• 

• 

VIII - 34 

8 .6.2.2. Constants set up on set switches 

The transmission of the J and K groups of constants is similar to that 

for grou~A-H except that there are no complement correction selector gates for 

these constants and the ·:>ther selector gates receive one input from the set switches 

instead of fr~ storage relays. 

Notice that since no provision has been made for converting negative 

numbers into complements in the case of the J and K groups, negative numbers must 

be set up on these switches as complements and, since no complement correction gates 

have been provided for these groups, tens complements must be set up. 

ILLUSTRATIVE PROBLEM 

A problem illustrating the use of both the reader and constant trans-

mitter is discussed in this section. 

In set-up tables, the symbol ~ij is written on the line corresponding 

to the first addition time of a reading program. For example, a reading program 

which is stimulater:! by the program pulse 2-3 emitted at the end of addition time 

6 is written on the line f:>r ack~iti<m time 7. Similarly ~ij is used to indicate 

the reader interlock pulse. The symbol Ro 
i-j designates the program output pulse 

which the rea.aer emits and is written on the line corresponding to the addition 

time in which reDding is completed. On set-up diagrams Ri, Rl, and Ro have been 

drawn in the same ~elative position as they appear on,PX-9-302. The reader start 

button is circbd ~"r a c:>mputation initiated by it. 

The il'.structions for the c'mstant transmitter are eiven in a double 

culumn on set-up tables. The left half shows the program input pulse and program 

.... control n~ber on the first level, the setting of the constant selector switch on 

the second level, and the program output pulse on the third level. In the right 
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Computations to fonn N the t th term of Quantity Nk' where k • 0, 1, 
t k' 

••• , and 5. 

(1) •x x t - 1 2 • .3. 4. 5 l(l) - ~. Xr-2,.3 
t c 62 72 8, 92 10 

i 
r+1,2 r•2,.3 

(2) - Xr+3,L:l!J.+4, 5 (2) - ll'r-3,4 Xr-4,5 . 

( .3) - (1) • (2) * (.3) • (1) • (2) I * t r t r 
1 1 0 5 

(4) - Xr,1 • (.3) - tDo 2 2 (4) • X 1 (3) • - tDO 7 6 
3 .3 

r, 
8 7 

: (5) • ~ • (3) - tD1 4 4 (5) • ar • (3) = - tD1 9 8 
5 5 10 9 

' (6) 
- ~.1 • Xr+2,.3 (6) - Xr,1 • Xr-2,.3 

(7) - (2) • ( 6) (7) = (2) • (6) 

(8) - 2r+1 • (7) c tD2 (8) • Sr-1 • (7) = - tD2 

(9) - Xr+1,2 • Xr,1 (9) c Xr-1,2 • Xr,1 

~10) .. (2) • (9) (10) • (2) • (9) 

11) • ~2 • (10) .. tD3 (11) • ar-2 • (10) • - tD3 
12) - Xr+2,3 • Xr+4,5 ~12) • ~2,.3 • xr-4,5 

(1.3) - (9) • (12) (1.3) - (9) • (12) 

(14) - ~3 • (13) - l4) • ~-3 ' (1.3) = - tD4 
* all subscripts 

. tD4 r, ::i-+1, ••• , r-1, 

15) 
c xr+3~4 ~ xr+2,3 15) = xr-3,4 • xr-2,.3 

,,,, are mod 5 

16) - (9) • (15) ' 16) .. (9) • (15) 

17) • ~4 • (16) • tD5 17) • ~ , (16) • -t D5 I 
' 

--~ 
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hand half the constant transmitted is specified, The symbols are written on the 

line for the addition time in which the constant is transmitted, 

The set-up diagram conventions for the constant transmitter are shown 

on Figure 8-l, 

The master programmer is also used in the illustrative problem of this 

seetien, In most eases, the symbols used are explained where they appear, For 

further details sea Chapter X. 

The illustrative problem of this s action consists of .forming the six 

quantities ~ through N5 each of which is the sum of the 10 terms shown on Table 

8-7. We assume that the Nk are to be ~valuated for 100 different sets of values 

Xij but that the ai do not vary from set to set, We assume, also, that the numbers 
digit 

Xj_j a'ld Aj_ are 5-1\numbers between 0,1 and 1,0 and, further, that the numbers XU 

are non-negativ~ for all sets, 

switches. 

The numbers a 2, a 3, a 4, and 11. 5 will be stored on the constant set 

The numbers x. and a.1 are to be introduced into the ENIAC by means 
~j 

of punched cards, The subject of storing these numbers ~ll be treated in more 

detail presently, At this point, however, we wish to describe the routine which 

will be used to form the numbers Nk• 

Tablu 8-8 presents a sequence of multiplication programs which could be 

used to find the one term for each of the nwr.bbrs Nk, From one value of t to 

another, the most striking change in the computations consists of using different 

sets of the x. .• One distinction between the computations for t • l through 5 and 
~J 

those for t e 6 through 10 consists of the fact that in the former the Ai are re-

quired in ascending order of subscript and in the latter, in descending order of 

subscript, h second point of difference is that in tho first class we are interested 

~ in the terms (4), (5), (8), (ll), (14), and (17) and in the second class, in the 
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referred to as the multiplication sequence, In order to provide for the differences 

noted above this sequence will be modified as multiplication sequence A or B for 

• t = 1 through 5 or t = '6 through 10 respeetively, The quantities t\) through N.5 

will be found by repeating oach of the modifications of the multiplication sequence 

5 times, 

Now we return to the li\tl.tter of storing the nunbers x. j and a. • In all, 
. 1 1 

26 n~bers are to be introduced from punched cards, Since, only 16 five digit 

constants can be obtained in one card reading, at least 2 readings arc required 

for eaeh system of equations, Since, furthermore, the constants arc needed re-

peatedly in different coobinations, either they must be read repeatedly from cards 
or 

on which they occur in different coobinations~at least 10 of them must be read 

• from 1 eard and stored in accumulators to be available when the card containing 

the recainder of them is read, The latter course is adopted here, The constants 

needed to foro the terms listed in columns t a 1 and t = 6 (see Table 8-7) are 

read from a card and tre.nsferred to accumulators, Then, computations start for 

these values of t and meanwhile the reader scans the card containing the remaining 

numbers, As it turns out, only 8 accumulators are aVA-ilable for storing the 10 

numbers read from the lst card, Therefore, in uach of 2 accumulators, we store 

a pair of numbers, one in the 5 left hand decades and the other. 1~ the five right 

hand decades, The 2 pairs of numbers are ehoson from the ~i te~s, since it is 

• easiest to store tno positive numbers in one accumulator, 

• 
One further consideration influences the 1nanner in which the constants 

nrc stored, The xij and ai are all destined to go to tho multiplier unit and we 

wish the resulting products to be similarly located in the decades of the product 

accumulator, One way to accomplish this is to align the numbers similarly in the 

argument accumulators, let us say at the extreme left. This, then, requires that 



• Ti..BLE B-9 

STORAGE OF CONSTANTS 

FIRST Ci.RD SECOND C/.RD 

• Constant Accumulator to 
Transmitter Constant which constant 
Grouo is transferred 

Constant 1 r.ccumula.tor to 
Transmitter Constant 1 which constant 
Grouo · is transferred 

A L ~ lL .lt.L xl2 

• x.u lR "a j,R ~1 

Br. x44 2L Br. ~2 

Ba x3.3 2R Ba x31 

Cx. al SL CL Xs2 

Ca x,5 3R Ca x41 

Dr. 11. xl4 

Da ~1 4R Da xl3 

• Ex. ~4 5L 

Ea 

~ x34 

Ea x23 

FL FL ~4 
Fa xl5 ba {clear at 

end of ~d, 
M.S. 

~ 

Fa X43 

ba. (arter GL ~.3 third M.S.) 
Ga Ga x25 

HL x42 7L (clear at 
end of ~}d 

M.S. 

HL x35 ?a -~·after 
fifth M.s.) 

!Ia Ha '. 
x45 

h ~ • JL a2 

• Ja a3 Ja a.3 

KL a4 KL a4 
I Ka a5 j __ Ka a5 

• 
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Ti•BLE !l-10 

SET-UP i.Ni.LYSIS FOR EVhl.U.-TION OF THE NUMBERS Nk 

INIT!i,L SEQUEilCE: Read 

* 1-1 Transfer constants from constant tranlilllitter to accumulators 

2-1 Read in parallel with sequence 2.1 and 2,2 

3-1 

2,1-1 Multiplication Sequence A 

2.2-1 

Form Terms (1) - (17) for i = 1 
Receive Terms (4), (5), (3), (11), (11.), and (17) from product 

accmnulo.tor' s ;, output via a; input channel of accumulators 
141 16, 17, •••• and 20 respectively. 

Multiplication Soguence B 
Form terms (1) - (17) for i = 6 
Receive terms (4), (5), (a), (11), (14), &nd (17) 

from product accumulator's S output via~ 
input channel of accumulators 14, 16, 17, ••• , and 20 
respectively • 

Send Interlock Signal to Reader 

4-4 Multiplication Sequence 

4.1-1 A for i • 2, 3, 4, 5 in turn 
4.2-1 B for i = 7, 8, 9, 10 in turn. 

5-l Read and, in parallel, print and then selective clear 

i:-'J'he number following a dash indicates how many times the sequence identified by 
t:w number preceding th<J d:J.sh is to be repeated • 
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numbers stored in the right hand side of an accumulator or a constant transmitter 

group be shifted to the left upon reception in an argument accumulator and that 

those stored at the left, not be shifted.' Then, to make the computations for 

all ten coluons precisely alike, all numbers which are used in the same programs 

from one multiplication sequence to another must be similarly located with regard 

to side left or right of storage facility. This plan calls for storing xij for 

j even at the left and for j odd at the right, This necessitates moving certain 

xij with odd j out of left hand constant transmitter groups (where they are 

temporarily located for want of free right hand groups) into right hand accumulator, 

groups when the latter become available because the numbers they store at first 

are no longer needed. Table 8-9 shows a plan for the storage of constants re­

quired in this computation. 

We return to a broad discus.sion of the plan for the computation. For 

each set of numbers Xij• one card containing 10 of them is read, These 

numbers are put in storage in accut~ulators, Immediately, computc.tion of the terms 

in coluons t • 1 and t • 6 of table 8-? starts and the reading of a card with 16 

more numbers begins. When the reading of the 2nd card is completed, computation 

for the tems in the remaining columns of table 8-7 is carried out, J..s the various 

tenns of the Nk are computed they are emitted from the product accumulator both 

additively and subtractively. In multiplication sequence A, these products emitted 

additively are received in accumulators 14, 16, 17, ••• , 20; in multiplication 

sequence B, the products el!litted subtractively are received in these same accumu­

lators. After 10 repetitions of the multiplication sequence, the 6 numbers Nk 

are stored in the accumulators mentioned above, The values are printed, and the 

accumulators which store N are then selectively cleared, While printing takes 
k 

• place, the first card for the next set of lttj is read. This plan is s1111111arized in 

table 8-10, 
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Figure 8-2 shows how the aa.in program sequences are linked together by 

the master progr8111!ler, Stepper B is used t.:J determine whether reading is the 

first for a system of equations (stage 1) or the second (stage 2), For the first 

reading, stepper B shifts control to stepper C which counts the number of solutions 

and tile n . routes control. to stepper il. which directs the main sequences of the 

problem, 

The output of stage 1 of stepper A stimulates the sequence in which 

c0nstants from the first card are put in storage in accumulators, The output of 

stage 2 stimulates the reader and also goes to stepper H which controls the multi­

plication sequence, The output of stage 3 provides an interlock pulse for the 

reader, Control is shifted to stepper H again b7 the output of stage 4, The 

output of stage 5 stimulates the reader and printer, The output of the reader 

• goes back to stepper B, etc, 

Specific details for the set-up of sequence 1 are given in Table 8-11. 

On the line for addition time I-1, the symbol 0,055 in the conterr~s column for 

accumulators 14, 16, 17, •••• 20 which will store theN terms indicates that the 
k 

decimal point occurs one decade place to the right of the I'll counter and that these 

accumulators clear to 5 in the 6th decade from the PM p4ee, During addition times 

4-13, the constants ~i (for i • 1-'), ~·1, x
24

, l).s• x42 , and ai are transferred 

from the constant transmitter to accUJJ.ulators 1-8, Notice that constant transmitter 

program controls(!) and ([) set at AL and AR respectively are used serially for 

• the transmission of ~2 and x11 instead of one control set at ALR as would be 

possible since both constants are positive, The reason this must be done is that 

when the second card is read, we must enter AL and Aa separately for x12, ~l 

(see Table 8-9) which may or may not be positive, 

• The QU!tiplic&tion sequence of the problem which is repeated once as 

' . 
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2,1, once as 2,2, four times as 4,1, and four times as 4.2, is described with 

the aid of the following tables and figures: 

Table 8-8 

Table 8-9 

Table 8-13 

. Table 8-14 

Figure 8-2 

Figure 8-3 

Computations t<> form N 
t k 

storage of Constants 

Set-Up Table for Sequence 2.1 

Set-Up of Function Tables for Programming Transmission 

ot Constants 

¥aster Programmer Links 

Set-Up Figure for Sequences 1 and 2,1 

Table 8-9 shows that the xi,2n and a2n are stored either in left hand 

constant transmitter groups or in tho five left hand decades of accumulators and 

• that the ~,2n+l and a2n•·l are stored at the right, Therefore, to make the most 

efficient use of the high~speed multiplier, the xi, 2n+l are shifted five places 

to the left when they are received in the ier. or icand accumulators. A +5 shifter 
i 

' 

{which shifts numerical data 5 places to the left) is used at the p input terminals 

of the ier and icand accunulators and arguments of the form ~,2n+l are received 

over the p input channel. Also, because certain accumulators store 2 n~dbers, it 

is necessary to delete the five right hand digits of an icand received from a left 

hD-nd grc>up when the icand is of the form xt 2n+l• i. d 1-5 deleter is used at the • 
rr. input terminal of the icand acclll!lulator for this purpose. A similar deleter is 

• :l<>t needed at the ier accumulator since the high-speed multiplier uses only as many 

p'.aces of the ier as specified on the places switch, 

Examination of Table 8-8 shows that the 17 nultiplications of the 

~ultiplication sequence fall into three groups with characteristics as shown below: 

All 17 multiplications are arranged in a prcdocinant sequence with 
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TABLE 8-12 

AN.U.YSIS OF MULTIPLICI.TION SEQUENCE 

Group Multiplications Characteristics 

·"·~=·-=-="===·--==•=-·==-==m====f.-============-==-=====-=====---t 
A (3), (7), (10), 

(13), and (1.6) 
Arguments derived from same source and products 
rAceived from product accumulator in same way 

--------~--------------------~12~ all 10 repetitions, 

B (1), {2), (6), hr~~ents located in different places for the 
(9), (12) and v~.I'ious repetitions, Products received from 

f-----+--~(l::,L5""i}.__ _____ +-~orodnct accllmulator in same way for all reoetitio~~ 

.;C (4) Ier located in different places from repetition l 
to repetition, Product received from i;. or S out-

1-----+-----------------+---'P"''Il:';~~of--E!:odue~ accumulator on !'.lt..!:_rnate reoeti tionr 

D (5), {8), (11), 
(14) and (17) 

Ier located in different places for the various 
repetitions, Furthermore, ier must be received 
sometimes on ~ and sometimes on ~ input terminal 
of ier accumulator, Products transmitted re­
spectively from a or S output of product accumu-

1

·, lator are received through ~ or ~ input channels l 
of accumulators 14, 16, 171 ,,., 20 on alternate I 

~--·------''-------------------~'--r~e~~P~Ee~t~i~t~i~o~n~s~------------------------------w 



• 

TAIII>: 8-1~ 

91!'-ul' 0'1 IUBO'fiCif TABLRS• ·rat PHOORAIIIDm TIWf9MISSIOH o:r ~lftll'Alft'S 

• It U aaaUIII84 beN that tha tunction ta'olua huw boen J:!Odltied tor the ato!"B.ge (£ progl"IIWI'Iing d11ta u au~gLIBtod lD Sec. 7.4. l'urthomon, nn adaPter 
le \1884 at the f\moUon output tarminnla to toke 1ntnmat1on from d1glt tomlne.la tn program te:m.inale. 
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multiplication (l) loading to multiplication (2) etc, For group ~>, the predominant 

~·~nuonce also procures the r.r5um:Jnts and stimulates e.ccumulators to receive the 

co:·,oc··~~.t ,, , The prog:.:-OJ:'. r"J..l.se;s for thJ.s predominant sequenae are carried in program 

tN: ll:igh-speed multiplier program controls used and also the stimulation for re­

ceiving products from the product accumulator. An auxiliary program sequence 

(carried in program trays 3-6) obtains from function tables l, 2, and 3 programming 

instructions for procuring the arguments for the multiplications of group B. 

Group C is handled in the same way as group B except for the manner of stimulating 

reception of the product which is described below. The pred0minating sequence 

goes to steppers G am! either E <)r F f,)r instructions as to which argument to use 

and which high-speed multiplier program control to stimulate for a multiplication 

in group D (the program pulses in this sequence are carried on lines 9-1 through 

10-2). A third auxiliary sequence (whose program pulses are carried in trays 10 

and ll) stimulates the reception of the products from the product accumulator for 

groups C and Do Stepper K of the master progrllllQ!Ier controls this third sequence, 

The set-up shown in Table 8-1) actually lists the events of sequence 2,1, 

Sequence 2,2 in which the terms 6~k are computed resembles sequence 2,1 except 

for the constants chosen for the multiplications of groups B, c, D, and E and 

the fact that reception of terms for the vari~us Nk in accumulators 14, 16, 17, 

•• ,, 20 is through the 1J input channel. Sequence 4 is carried ;)ut in the same 

way as sequence 2 with the multiplication sequences A and B alternating, Sequence 

5 in which the final results are printed is described in Section 9.5 • 



·-

.,. 
? :. 

0 P~INTE~ 0 
PAH!L i 

0 0 
----~~ 

' . 

00 00 LiJ 4-5 

@ c 
•. ... . 

I 
. - 00 00 LiJ 00 c 

. 
f} ric 

I 
1 . 

. •.. 

.. .· 

PQI\1!!.11. . 
FJONT PANEL Nll.i .. 

PX~i2-30iR 



... 

. ··_, .. 

. -MM~JA~ 

OFFQ ON -

'Ll]Ll]LlJ~ • ~T @~_ f! fl IB.M. 
Pluf 

;;---. ,. I I 
' .. 

OO~OOriD 
·I I 

··-. -

,_.,. 
<D,-lo 

Q l'tiNTtt O 
MRfi& 

9 10 - 0012 orr PRINT ~NT 1}' fiJ 

llJOOOOOO 
I I 

.· , .. , . 

PRllllU I ... 
FI!QloiT PANEL l«<,t 

. _ - : Pl-!2.~302.11 



. -:. - .. -._· 

·!-. 

i 

. 

jO ~IIJNT~I' C ··-J. • 
_,\ 

0 0 

,•<,-,.·; 

-· :~ . .. _, · .. ·· 
".;_~;-~1\~,'~·;_; -~-

~f;.;r .·. >c . 
. "<. -,~_' t.·?"~ .:, 

;j}~:··· 

' 

~l 
:ii 

~ 00 
12-13 ' 

~ 
.·· 

·' I 
' 

·, ,;i_ ·._ ... ' 

,· .i 

. ~ ' . 
. ..... '-.. 

·- ·-- \ 
~ .: 

\ 'Je, ~J 0000 00 ~e 
' 

rt} j 
. - ;~' 

I 
. ',..-. 

. .· .. 

' ' ' 
. 

. 

• 
i . ' 

•. •-. 



I 

L l 1: :1r - ..• 

!-
I 

I 
I 

i 
I 

I 
I 

- I . 

. 

I 
I 
I 
I 

r-· --

I I 
!· 

i 
-

i ! I ___ __j 

' : D - lJ 
"'"· ra G]r,-1 0otl:-J6'~ l:t..,.l , ..._... · ~LU.o c..._ ....___.. 

I I ' 
GJ'"' GJQ r·1• ,. 1':l "· ~ 

I 
' L!J l~; ..... i!'>'· ~ .... ,.1, 

·. - C I . 
.L. -··· 

I 
I 

;:;Qr..J';('(~ 

HE ATE'! Fu;t N::o~s 

. 
' 

; i I 

II 
I I . 

ii oJ[ I 

!l.' ~J . ---·· .. . .. . 

MOC,e£ J(Jt(;._ f.:/" ELECT.f!CIIL £N(i/NE£.1<'1NV 

l'NIV£/:J!TI' •f I'EIIAiJI'l!lf/Nlfi 
:-

I 
. 

• 
. 

:I 

I 
I 

I 

I 

r-L...J 

LJ·~ CJ~ 
r--· I. 

r;J~~rd 

.. 

~ 

I 
I 
I 

i 
• 

-I 

0 I 
' 

P.?n'-Ek 
~ ~.YA.!TVI!":.J 



• 
• 

• 

• 
• 

IX- l 

IX. PRINTER AND IBM Gii11G PUNCH 

The ENIAC records 80 digits with as many as 16 signs on e. standard 

IBM card (see Chapter VIII) by means of the printer which is connected to a. 

modified IBM gang punch. Date. to be recorded is delivered from the static 

outputs of master progr~ner decades e.nd accumulator counters to the printer, 

Cards. may be punched at the rate of approximately 100 per minute, When 

printing takes place, the counters from which data is recorded are tied up 

for about 150 ms. or 750 addition times which is only part of the total 

printing time (0,6 sec.), 

The printer and IBM gang punch will be discussed in this chapter 

along the following lines: Sec. 9,1, programming circuits; Sec, 9,2, plug 

qoard. of the IBM gang punch; Sec. 9,3, numerical circuits; Sec, 9,4, units 

connected to the printar, An illustrative problem is discussed in Sec, 9,5, 

The following diagrams will be referred to: 

IBM Card Punch PX...l2-ll2 

Printer Block Diagram PlC.-12-307 

Printer Front Panels PX-12-301, 302, 303 

Printer Front Vi ow PX-12-306 

IBM Punch Plug Board PX-12-305 

Initiating Unit Front View Pl-9-305 

In it ie.ting Unit Front Panel Pl-9-302 

9, 0 GENERAL SlJI,lllARY OF THE IB~; ?UNC"rl AND PRIIITER 

Date. stored in electronic counters of curtain units a f the Eii!AC 

(se<> Soc. 9,4 for a list) is taken to an array of tubes in tho pri.iltor by 

static output leads which run e.lont, a tro11.gh at· the top of the ENIAC, 
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For each 5 digit group (of the total of 80 digits which can be punched on one 

card) there a.ro 5 rows of 10 tubes .oach for tho input of digital data. Th<lSO 

tubos are lab.,llod by a lottor from A to E followed by a. nllr.lbcr botwccn 0 

and 9 inclusivG, In addition, for oach 5 digit group, there arc 3 tubes for 

recording minus indication bGlonging to ~1" group. Associated with each 

input tubu is a. printer relay. The printer relays for digits arc labelled 

in the same way as aro tho tubc,s, The relays for minus sign indication o.ro 

labelled Ml, M2, and C0 , .The la~t relay, c0 , ic.referred to as the carry-

over relay. A printer relay is activated when its associated tube goes •on•. 

The hold contacts on these relays are connected to the holding cam in the 

punch (see PX-12-112) so that when this cmn breaks at time 9,5 in tho card 

punching cycle* the printer relays release, 

It is to be noted that tho input tnbes and printer relays are: set 

up in a:cordance with the digital information as it b storc.d in the accumu­

la.tors connucted to the printer 0 i, c, C0.7tplomonts**aro sot up a.s such, 

Complements arc uonvcrtcd to negative numbers before punching takes place 

through the intervention of relays c
1 

through c
5

, the Pi.! relays, lH and 112, 

and the carry-over relay, C
0

, The carry-over cnm in the punch (see PX-12-112) 

also plays a part in thie conversion. 

In the IBl! punch, as in the reader, there is an emitter with 12 

stages ( 12, 11, 0, ••• , 9 with stage 11 the minus punch stage), Certail1 

stages of the emitter are connected through so co.lled PM transfer contacts 

on the minus relays (Ml and M2) to conto.cts 011 the printer relays 'vhich 

".!<The card punching cycle is divided into 14 w1its as is the aard reading 
cycle discussed in Sec, 8,0,3, 

)!<>!<In this cho.pter, t~1e word complement is restricted to mean tho complement 
of a positive number, 
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register digital information. The latter, in turn, are connected through 

transfer contacts on the relayo c1 through c5 to linea wi1ich carry s igllll1s 

for pv_nches in the various aolumns to the computer result exit hubs on the 

IBl.: punch plug beard (see p;>:-12-305). By mew1s of' plug board wiring, these 

signals can be delivered to the punch r.~agnets (see PX-12-112) for any 

des ired column of the card. 

Each of' the BO punch magnets operates a lover with a little head 

on it. When a punch magnet is activated, tho lover tlOves forward and a 

hemraer bar in the punch hits the head of' the lever a(;ainst a puuc:1 shaft. 

Thus, a hole is punch~d in t:'.c col:.unn v~ith which the lcvor is associated. 

Since 1 throughout tho punching, the card moves forward in synchronism with 

th·o emitter, th•; hole is punched in ·i;hc digit row corrospondine; to the 

activated printc.r relay for that column • 

Data aay be punched in llll 80 col=s of' the card or, if desired, 

certain columns ol" 5 digit r;roups may be left blank. If' the print switch 

of' a 5 digit group (see P7.,..12-302), whir:h hu.s the positions •print• and 

•orr•, is set at off', tl1e printer input tubes for the group of' numbers do 

not set up and ptmch 1' ign ... ls for tho.t group ure ;1ot delivered to the IBM 

punch (see Sees. 9,2 and 9,4). llo pnnch is m"-de in a column for which there 

is no plug board connection between computer result exit hub o.nd punch 

magnet hub. 

The total of' 80 dibits can be broken up into signed 5, 10, 15, , •• , 

or BO digit grou.ps '.ly meaas of the coupling swit.:hes on panels 1, and 3 of' 

the printer. The numbering on these switches corresponds to the numbering 

of the printer relay t;roups (sec Socs. 9,2 and 9.4), illhon a coupling switch 

ia sot at C, the 2 f'ivo digit groups vrhozo numb~rs appear on that coupling 
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switch a.r& cons iderel'c as ono for & ign indio at ion purposes and for comple­

mentation, If two atljacont coupling s•,.fitch<>s arc sot at C, tho throe g;roups 

Vfhoso nurr.bcrs appear on tho switches a.rc cons idorcd as a f:inglc 15 digit 

group, etc, Tho !lSC of PM &d,cptura is also involvod in tho coupling or 

isolation of five digit t;!'OUp:J (sc.J Soc. 9.4). 

Ccrto.i11 pro::;ramming circuits for both tho printer and punch arc 

l•.;catcd in tho initiating unit of the EliiAC and others arc in the punch 

itec:l.f, Looatod at tho initinting unit (sec PX...l2-307 aad 9-302) arc tho 

printer program pulse input tcrmi:lo.l, start flip-flop (58, 69), finish 

flip-flop (54, 65), aynchronizing flip-flop (67, 68), progrnm output pulse 

transmi ttor ( 70- 72) and terminal, Neons correlated with these flip -flops 

are shown on PX-9-305, The r;tart flip-flop operates a printer start relay 

located in the printer • 

On the punch there are start and stop switches and a master­

detail switch (w:1ich shc,uld, he-never, always be set at master). Inside the 

punch are found a start relay (Rlo), the motor hold relay (R9 and H. D. No. 1 

motor relay, relays 1 and 3 which arc associated respectively with the. dio 

card lever contact (Die CLC on PX-1?-112) and the magazine card lever 

contact (Ee.g. CLC . ) , and relay 23. Tho program controls in this and the 

preceding paragraph havo to do with starting and stopping the printer and 

punllh and will be discussed at greater length in Sec. 9.1. 

In ad.di'cion to the owitchc;s a.'l.d relays mentioned abovo, two of 

tho cams in tho punch, tho interlock and reset cams, act o.s progra.rnining 

circuits. Tho timinr; for thl3~~ cama is sh01m on PX-12-112 und 12-307. 

When the interlock cam makes c;mto.ct, und vrhon the st"rting relay located 

in tho printer (ceo PX-12-307) is activated as a result of tho reception of 
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a program pulse by the printer program pulse input terminal, the input 

tubes are connected to 20V, which allows all groups with print switch set 

at print to set up. When the inter loci' cam breaks ( 12.8-13.3), the input 

tubes cannot set up. The reset cam which makes in the period 11.2 to 11,8 

provides a reset signal for the start flip-flop (68, 69) and sets the printer 

finish flip-flop (64, 65) which results, finally, in the transmission of a 

program output pulse by the printer (see Sec. 9,1). 

9.1 PROGJW.illii!IG CIRCUITS OF THE PRiiJTER A11D IBM PUNCH 

A program pulse received at the printer program pulse input 

terminal on the initiatlng unit flips the printer start flip-flop (68, 69) 

into tQe abnormal state, The resulting signal from the start flip-flop 

energizes the start relay in the printer, 

Provided that thoro is at least one card in tho magazino (so 

that !Jag. CLC is closed and relay 3 is activated) and provided that 

thoro is a card in the punch position (so that Die Cl,C is closed and 

relay 1 is activuted), the signal from the printer start relay carried to 

the punch over circuit :t-11 activates R23. As long as the printer stop 

switch is not thrcmn and under the conditions noted above for Mag, CU: 

and Die CLC the circuit to the punch o;l;art relay (RlO) through R23 BL is 

now closed so that RlO is activated, Now, with contact RlO BL closed, the 

motor ho.ld relay (R9) and the H.D. No, 1 motor relay in parallel with it 

are activated so that the drive motor starts up, Also, with RlO BU closed 

the printer clutch is activated so that a card is pushed through the punch­

ing apparatus, RlO holds through its hold contact RlO AL until cam P5 

breaks at time 9 in the punch cycle • 
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With o.ll tho cards in tho mc,ga.zine and no ca.rd in the punch 

position, tho printc.r ca.nnot be str .. rted b;' tho procedure doscribod in tho 

previous pa.ra.graph since Die CLC is open when th<>rc is no co.rd in tho 

punch position. If the sb.rt switch on tho punch is depressed first, one 

or uorc cc.rds (depending on how long this switch is d<oprossed) move out 

of' tho ""'ga.zinc so tha.t subaoqucntly the punch Md printer Cni1 be 

stimulo.tcd to opora.tc; by a. progra.r,: pulse received at Pi on tho initiating 

unit. 

The chronological operation of' the ptmch, once the printer start 

relay is activated :11., is SllU\liluriz&d in Tablfl 9-1, 

The signal from the roaut cam (during 11. 2-11,8) is taken back 

to the printer program control circ"it in the initiatin.:; unit via line 38, 

This signal reaets the print<:r stat f'lip-f'lop and sets the printer 

finish f'lip-f'lop, ·,·lith the printer finish f'l ip-flop in the abnormal state 1 

a CFP is gated through !6e;]so that the priator synchronizing f'lip-f'lop is 

s·ot, Thus, gate 59 is opened to ~.llow a CPP to paso to the prog;rm !')Utput 

pulse terminal, Notice that the printer start flip-flop is rosot so 

that it can recognizo that a new printing progrilm is to take place if 

another prograr.1 input pulse is received and a program output pulse is 

transnitted about 750 addition times after Pi is st inulated or about 

1/4 through tho punching cycle, 

If tho printer is <mbo.[;&d in a. printing program and another 

progrrun input pulse reachea Pi befcre the start f'lip-f'lop is reset, 

naturally, the reception of' this r.ocond proc;ram input pulse is not noted, 

Therefore, if ?rinting pror,rams ara to follow closely on one another, 
-~-....,.....------~'-··-----, li<About 10 ms elapse between tho reception of a program pulse at Pi and 
the beginning of' t:1e cad. IJcmch c.,clc, 
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CJJRO!<OLOGICAL OPERATION OF PHICII 

-~ ~~:;;::=~=-,,-- ·-=,~~,==-=-=,===-· =- =-==------ ~"""--"'~-~-~~j 

Card Punch , Evont 
Cycle .... ·-- --- ·t·· 
D = 13.5 i 

I 

_.....__ __ _ -- =-
Punch starts - interlock cam is making contact 

I 
! 
1 

: ~--.. ·-------~--- . . ' 

!==-~:::: ~-t---::::.~~~~::: .. ~-~==~~ ~ =I 
1---- ... ----··4

··-------- --------·t ----------------------------------- ... ·--- ---- --------------- ------------------- ------- 1
-

1 11.~2 I Rosot cam makes 
L____ --------·- ------ -- ---------- ......... -- .. ·-·-· -- ....... ·-·- .... -·- ...... -----·------· 
I 11,6 1 Rosot crun bro~ks 
1-------·------------+--------------·------------·--·---- ____________ .. _______ __ 
I o '"' 
! I Digit punches arc made 

>ri , --- ----i- ............... ----- .... --- ------ ·-·-·· -· .. ----------------------1 
9,5 Holdinr; CCJ:l breaks so that printer relays j --------+-·-- _!O~-~~~-- ---- ·-- ---·--·-·---------- ---------------1 

I 13,3 + Interlock cam makes o.gain so th~t input I 
tubes co.n sot up for next printing 1 , ______ .. _________ _ ___ .. ____ .. ____________ ................................. --------·· ----- .. ·----· ---1 

I 13.5 Punch stops unless Pi received program 
· pulao during period 11.2 - 13,5 

------------~ ----------
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tho programming sequences that cu~inate in a pulse to Pi should be initiated 

by a program output pulse from Po, the printer 1 s pro;;rw:cc output pulse terJai­

nal, so that thGre will be no danger of tl><J print.~r 1 s rocoivir.,s a program 

il1put pulse while tho stu.rt flip-flop i~ in the o.bnorrical state, 

If tho printer receives a program input pulse while enga~cd in 

printing but after tho atart flijJ--flop hus boon reset, then the start fliP­

flop is a:·;ai.n flipped into the abnornal state. Tho printor and punch 

continue "'ith tho punchine; cycle in which they arc <3ngo.e;cd. Since tho 

interlock cam brcuks at time 12.8 (before tho sto.rt flip-flop is reset) the 

printer input tubes cannot set up for tho second printing proc~run until 

at loo.st tine 13.3 in tho punch cycle when the intorlock cum once again 

nnkos contact (sco S<.>c, 5'.3 nnd Table 9..1). :'/hen the first punch cycle is 

ccr.;plet&d, the printer and ptmch inmodic.toly start a second cycle in the 

event that Fi is pulsed between tho resetting of tho start flip-flop and 

the completion of thv cycle. 

'Nhen tl:!o interlock cwr. breaks o.t ti.Jao 12,6 (vrithout a safety 

factor.! about 150 ms after Pi is stimulated) the printer input tubes drop 

out their inforr.-,ation so thitt the units which are connected statically to 

the printer are free for couput ing purposes again. Before this time, such 

units cannot be called upon for computo.tim;al progran.s. Program sequences 

which require computatio;1s in units connected to pr:i.irter groups whose 

print switches are in t:1e print position and which partly parallel print­

ing should he initiat;,d by tho program output pulso fror.1 tho printer, so 

that there will bo no danger on this score. Units not connected to the 

printer aro, of course, not affected by printing proGrams and can be used 

for computing pro..;ra.':!S throughout pri.11.ting if such n sot-up is desired. 
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When thu interlock ccu"ll mrJws conto,ct r.go.in c.t tlmc 13,3, tho printer 

input tubes do not set up &gain in a c;iven punch cycle unless Pi receives a 

pror;ram input pulse during the period 11, 2-13,5 since the input tubes are 

connected to the interlock Cf\m through a cont&ct on the start relay, 

In the printer, &s in the reader, a design is used in which a 

pul~e atiraulates successively tho unsynchronized fliP-flop, a gate, tho 

s~1chronizing fliP-flop, another gate, and tho trans~ittcr, This insures 

the omissio11 of a program output pulso synchronized with tho pulses in the 

rest of the EliiJ\,C and of tho proper shapo, 

It is to bB noted that i11 this discussion a number of dements in 

thG punch such as R22, R7, R8, R2, and Rl4 have not been mentioned, Dis­

cus~ion of those relays which, in a ctru1dard sumnary punch arb functionally 

significant, has b.oon omitted sinco L1 thG card punch, u.s it has been 

modified for connection with tho pr intor, tlloy s.:.rvo no logical purpose, 

9, 2 IBM GAHG PUl'iCll PLUG BOARD 

Tho IBM gang pw1ch plug board is shown on PX-12-305, The COillputor 

result exit huba app..,ar at the top, Thasc hubs are; classii'iod in 16 groups 

of 5 hubs oach. Tho numbering of tho groups hero corresponds to the number­

ing of tho r;roups of printer tubes and a:Jsociated relays in the printor 

(soc Soc, 9,4 for a list of tho W1its conn<lctod to the various printer groups), 

From tho printer rolays tho.t store digital information tho computer result 

oxit hllbs recoivc signals viu. tho cablo that connects tho printer to tho 

pW1oh. Each minus indication hub rocoivcs a signal i'ron a contact on the M2 

relay of tho print.r r;roup be!l.ring tho sruno number o.s o.ppoo.rs above tho 

minus indico.tion hub. if tha.t_printor group storvs ~. cor.lplclllont • 
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The 15 groups of 3 colwnn split hubs on the gang punch plugboard 

are similar in operation to ~he group selection hubs on the reader plugboard 

but differ from the &Toup selection hubs in purpose, On PX-12-112, it can 

be seen thll.t there is normall~· a circuit from the B to C hubs but that when 

the coluoo1 split relays (Rll, Rl2, Rl7, ru1d Rl8) are activated at the time 

when cam P2 makes (13,0-11,5) the circuit is from the A to Chubs, Thus, 

while minus punches .-.re made there is a circuit from A to C, and while 

digit punches are made, thoro is a circuit from B to C. 

Tho 80 punch magnet hubs are connected to tho punch magnots oach 

of which has responsibility for one of tho 80 columns on tho card. 

Tho computer result exit hubs for printer groups which will always 

bo used for recording positive numbers r'"':,' bo connected directly to the 

punch magnet hubs for the colunms in which those numb<.:rs aro to be punched, 

Spocial plugboa.rcl connections must be ma.do for printer groups that record 

numbors which may or may not be complements, .For such a printer group, tho 

correspondingly numbered minus indication h•1b should be connected to an A 

hub of the colWIU'l split hubs, The computer result exit hllb which roccivc,s 

a. signal for tho digit to bo punched in tho oarno column us the minus punch 

for the group is connoctod to the B h11b below the A hub ohoson, Tho C 

hub is then connected to tho punch mugnct hub corresponding to tho column 

in which both tl1c digit and minus punch nrC> to be made, Connections nrc 

made directly from t)om!'utor result exit hubs to punch l!labJl"t hubs for tho 

columns in which the minuz punch does not occur. An example of the plugging 

re'l.uired for the first 0.:1d le.st digits of a ten dit;it negative nwuber when 

the minus punch is to appear in column 1 is sho\'rn on PX-12-305 Rl. Notice 

that whil<J 2 printer gro•1ps record this nwnber, only one minus indication 
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hub is connected to an A hub of the column splits, This minus indication 

hub could just as 've11 have been the group 2 hub bstea.d of the group 1 hub 

as shown on PX-12-305 Rl, 

Corresponding to each of the 12 stages of the emitter there are 

3 hubs. If a.n emitter out"(lut hub is co;mected to a punch magnet hub, the 

digit corresponding to the emitter output hub is punched in the colUlilll 

associated with the punch magnet hub whenever a card is punched, By means 

of. connections from ettitter output to punch ma;;net hub, a r;iven digit- punch 

can be made in as many as three columns, 

To the right of the emitter output hubs are 5 groups of conm1on 

terminals. All 5 terminals connected by a. horizontal line are common. By 

plugging from an emitter output hub to one of a gr aup of 5 common terminals 

and from each of the other four common terminals of the j70Up to punch 

magnet hubs, the punch is instructed to punch the digit selected in 4 

columns (see the illustrative example of P};...l2-305 R2), 

9,3 NITA1ERICAL CIRCUITS OF 'l'HTI: PRINTER AliD PIT!1Cl! 

If the print switch of a 5 digit group is in tho print pas i ti on, 

at the beginning of the card punching cycle while the interlock cam is 

making contact, the cathodes of all 53 printer input tubes for the group 

are connected through a contact on the printer start rolay to a source of 

the required vol tago for allowing the set up of these tubes, Thus when a 

program input pulse is roceivod at Pi, tho digit tubes connected through 

the static leads to tho stages of' counters in tho abnormal state go on. The 

tubes associated with rolays !.a, M2 and C
0 

arc connected to th<> static 

lead from the 1i stage of tho P!J COWlter of t:10 unit from which the digits 

for the group come so that these tubes go on only if the numb or to be printed 
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is a complement, Thus if the number M 1 234 500 000 is stored in an accu-

mulator which has its PM counter and five left hand decade counters 

connected to group 1 of the printer, the minus tubes !Al, M2, and C
0 

and the 

digit tubes Al, B2, C3, 04, and E5 go on at this time, The •on• tubes 

activate the relays associated with them, 

In addition to the hold contacts, two contacts for each or the 

digit relays, in other tvords, a total or 100 contacts for a 5 digit group, 

aro arranged in a 10 by 10 array. P~l2-307 shows these contacts arranged 

so that the horizontal lines 21-1 (where i = l, 2, ,.,, 5 and where i = 1 

identifies the bottom line) have tho contacts for the relays usod to reP-

resent the digits 9, B, 7, .. , , ·J ami. the horizontal lines 21 have the con-

tacts for relays usod to represent the digits 0, 9, B, •·•• 1 reading from 

loft to right, Each vertical column or rolay contacts is connectod to one 

of 2 stages of tho enlittor through a. PM transfer contact on either relay 

Ml or M2, The labelling on P~l2- 307 indicates how those vertical lines 

arc connected to stages j or 9-j or tho emitter (reading from left to right 

j = 9 to 0) according as the PM relays Ml and M2 are in the normal state 

(when the group is a positive number) or the abnormal state (when the group 

is a complement). 

In this manner tho process or converting a complement into a nega-

tivo number by subtracting the digits in each decade place from 9 is 

provided for. To complete tlw conversion, it is necessary to subtract from 
I 

10 instead or 9 the extreme right hand digit or tho complement or tho first 

from the right non zero digit or the complement and to loavo thG zero digits 

to the right or the first non zero digit, For this purpose, the relays c1 
thr.ough c5 aro usod, If tho coupling switches or u given 5 d~Git group are in 

the 0 position, and the number set up in the printer relays f~r that group is 

a complement (so that rolay C
0 

is activated), then, when tho carry over cam 
malcos (13,6-9,4), the rolay c5 which is associated with tho ftrst placo at 
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the right of tho 5 digit group is ~ctivatod, Relay c4 is activated only if 

c5 is activated and contact EO is closed (ae ie tho case when the first 

from tho right digit of tho group is ~ zero). Simila.rly, c3 is activated 

only if c5 and c4 arc and contact DO is closed, etc. Tho case in which two 

or more 5 digit groups are coupled together by means of the C setting on 

one or more coupling switches is similar to this except that it is the c5 

relay for the group of highest number which is activated if the number 

registered in the printer groups is a compl~ment. Tho c4 , c3 , ••• relays 

for this highest numbered group are activated or not depending on tho 

presence or absence of zeros in the right hand places of tho complement, 

Now either an odd (reading from tho bottom up) line or its 

~odiato oven successor is connected through a transfer contact (on one 

of tho relays c1 through c5) to a line which carrie~ a punch signal back to 

tho computer result exit hubs, An even numbered line is connected to a 

punch signal lino only whon the relay c1 , c
2

, •• , , or c
5 

corresponding to 

that punch signal line is activated; otherwise punch signals como from the 

odd numbered lines, 

A signal for a digit punch results from tho establishment of a 

circuit from an omittor stage through a PM transfer contact, through a 

contact on a digit relay through a transfer contact to a computer result 

exit hub. A signal for a minus (11) punch roaches a minus indication 

hub.as a result of a circuit from stage 11 of the Qmittor through a contact 

on relay M20 

Tabla 9-2 illustrates tho procc.ss of converting dc.ta stored in 

the printer rclaya into punchvs on an IBM card, It is o.s•umed that tho 

co1.1pling s~-vitch for the printer relay group in which tho numbers CLro stor<Jd 
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OPERATION OF mn:!>'RICAL CIRCUITS OF'. PRDTER b.l'li) PIDiCH 
Coupling SwitcllCB set at 0 

f~,~:c:: r ~~!~~Eli --T~~;~~~~~-ifri~~~-,,~~-a·~· c~t=· =o=~=r =~~=~,=;-~"'· ~~-c=!=~cd==-~-"F=~=~i=,p=u=T=BR==t 
TRAJJSFER j Rj;;LAY 1 through RE,SULT EXIT; 
CONTACT 1'RANSt'ER HUB 

COJlTA::T 
f-.-~----_._._ ____ ~- . .. . 

P 13057 : o +' 111 , co ! C3 l 3 ; _______ -------' -····-···--- ·+- ····-·--·····- ···---·-··-·---· 
' 1 . m I Al ! c1 1 
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---··s-· ---- t- -Iil-D»--r·---~~--- · --j-----c~------ -- -~----· 
·----- _ ..... L __ ..... ____ .(. ... --- ...... L - . - .... -- - . . . 
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4 M2 (i..) cs 1 c3 3 

E 13570 

------ ___ ..__ __________ -------- . 
' ' Ml (A) 
! 

6 B3 ,. c
2 

2 

!··-··;;-·----·-;a{A) .I Al I cl··-·-r··-1· 

- -----------------'---· -----~------ __ , ___ _________ ..J.... ______ _ 
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is in tho 0 position, The symbol (A) after c. relay number indicates that 

the relay is activated, The table is arranged to indicate the chronological 

order in which the pLmches are made, The punching of the first number 

P 13057 is a straightforward e:>tample of what happens v1hen a pes itive number 

is punched, The case,M 13057,illustrates the conversion of a complement 

into a negative number, and the case, M 13570, illustrates the conversion 

of a complement with at least one zero at the far right, 

9,4 .UNITS COrJ:i\EC'rED TO TilE PRI!lTER 

The static outputs of the counters in any accumulator or in the 

master programmer can be connected to the printer input tubes, To deliver 

information for five digits and a sign to the printer, a 55 conductor 

cable is used, Each of 50 leads co~,octs the static outputs of 1 stage 

of ono of the 5 decade counters to a printer input tube , Another lead 

delivers the static output of tho M stage of tho PM counter to tho minus 

indication tubes associated with tho 50 printer tubes for tho 5 digits~. 

Tho 16 cables used for the 80 digits <md 16 mintls signs that cnn be punched 

arc ca.rried in a trough which runs along the top of the E!II.I.C, 

At the time of writing of this report, the following connections 

have boun tlStablishod botweon units of the Eli!AC and printer groups: 

"*Whun 10 digits and o ign aro printed from o. given accumulator, tho static 
output of stage lJ is connected to tho Ph~ lead in each of 2 static output 
.:o.bles through the usc of adaptor A on PJC.-12-114. 'ilhen 5 digits without sign 
indica-tion arc printed from an accumulator or fror,, tho master progrrunmer, no 
connection is mc.<le to the P~i lead in the static cable, and o.daptor B shown 
on PT-12-114 is cclmccted to tho socket ill tho printer which goes to tho 
PM tubos oi' tho 5 digit group, 
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• Printer Groups Connected to 
------ ···-··------ . : --:- --····--· .. .. -~-~--------

lit Master Progr~1~r decades 14 - 16 

2 and 3 Accumulator 13 - 10 decades and Pl4 

4 and 5 Accumulator 14 - 10 decades and Pl4 •-
.. 

6 Accumulator 15*·- decades 6-10 and PM 

7 and 6 Accumulator 16 - 10 decades 811d PM 

9 and 10 Accumulator 17 - 10 decades and PM 

11 and 12 Accumulator 16 - 10 decades and FM 

13 and 14 Accumulator 19 - 10 decades and PM 

15 and 16 Accumulator 20- 10 decades and PM, 

The static outputs of decades l-5 of accumulator 15 are also 

• delivered to the printer in the static output trough but the leads are not 

plugged into the printer input sockets. If it is desired to print 10 

digits from accumulator 15 and none from the master programmer, the leads 

from the master progr~mer should be pulled out and those from accumulator 

15 plubGed in in~tead. Notice that a ten digit negative number cannot be 

printed from accumulator 15 since there is no way to coupla together groups 

6 and 1. It is, however, possible to print either of the following from 

acclunu1ator 15: 

l) A ten digit positivo number 

• 2) Two five digit numbers with the left hand number having any 

sign and the right hand number only a plus sign, 

Tho connections made to the printer make it possibla to use tho 

printer in a moderately flexible way. For ox~1ple, oven though ton decades 

• of an accumulator arc connected to tho printer, it is not necessary that all 
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ton columns be punched whcil data from this accumulator is printed, If' thore 

aro five or f'owor significant figures of' a result to be printed from an 

accwnulator which has 10 decades connected to the printer and if' those 

figures are locatod in the five loft hand or f'ivo right hand decade places 

of' tho accumulator, the punching of' columns in which the non-s ignif' icant 

figures arc located can be avoided by setting the print switches of' the 

higher or lower numbor~d f'ivo digit group rospoctivoly to off', If' tho 

signif'ico.nt figures arc at the left of' tho accumulator tho coupling switch 

which carries the numbers of' tho 2 printer groups connected to that accumu­

lator must certainly be sot at 0 so that complem:mtution will be carried 

out correctly. If' tho significant figures arc at tho right of tho 

accumul~tor, the coupling switch may be sot at either Cor 0, 

Anothor mo·~hod which olimimct<;s the punching of' non-significant 

zeros consists of' omitting plug board connections betwcen punch magnets 

and those computer result exit hubs which receive the non-significant z~ros, 

Another procedure which is possible undor certain circumstances 

consists of' pri;1ting two f'ivo digit munbsrs from an accumullltor which has 

10 decades and its PM connected to tho printer, Whcm the two numbers 

stored in the accwnulator always have the s;..mo sign, the standard PM 

adaptor labelled A on PX-12-114 which connects stage hl of tho accumulator's 

flJ counter to the static loads which go to tho printer PM tubes for both 

five digit groups is used. Tho coupling switch for tho two printer 

groups is set at 0 so that tons complements are taken in converting each 

number into a negative nwnb~r when the co~~on sign is M. 

When ono of' tho five digit numbors is always positive and the 

other mny be either positive or negative, the stutic connection from the 
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llccunu.tlo.tor' s PM counter to tho PM tubes for tho positive group is bro!{on 

for, othGrWise, complements would be tcJccn for both fivB digit groups and 

'ooth groups wonld bo printed as nego!civo numbers, In this case, T.lorcovor, 

the adaptor lc.bollc;d 3 on PX-12-114 is connoctud to the socket in tho 

printer which go0s to the; PM tubes of the positivo group. This 11daptor 

grounds the grid of the PM tubes, The coupling switch o.ssocio.tcd with 

tho two printer groups is set 11t 0 so that o. tens compl~ment will be 

t&ken in converting numbers with sign M into nugntivc numbers, 

If both fivo digit numbers may have different signs cmd if one 

of the five digit numbers is not known to be always positive, thoro is no 

way to print both numbers corr·.ctly from one accumulc.tor, 

9,5 ILLUSTRATIVE PROBLEI.~ SET-UP 

• The printing sequence of the problem discussed, in part, in 

• 
• 

Chapter VIII is taken here to illustrate the use of the printer, The 

problem may be summarized briefly as follows: Six numbers, Ilk (for 0': k~5), 

are formed in accu.-nu.lator: 14 and 15-20 by the end of sequence 4 (see 

Tables 8-8 and a_ 10. ·Since the significant figures switci1es 011 these 

accw~1ulators are set at 6 (see Figure 8-3), the values are correct to 6 

figures, The four irrelevant right hand digits, however, have not been 

deleted, Master progra~ner decades 14-18 (associated with ctepper C) store 

the id;mtification number for the results • 

In sequence 5, the numbers Nk are printed and the reading of 

constants for the next computation proceeds in parallel, When printing is 

completed, selective clearing takes place. The pro~;ram output pulse from 

a selective clearing transceiver provides a reader interlock pulso. The 

reader program output pulse goes back to the master progrruruner (see Figure 
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8..2 from which will come a program output pulse to stimulate the compute.-

tiona for the next system of equations. 

The set-up for this sequence, sequence 5, is shovm on Table 9-3 
I 

and Figure 9-l (a. a.nd b) is a. set-up diagram for this sequence, Master 

progra.mrnar decades 14-18 arc connected to printer group l a.nd, therefore, 

the coupling switchGs l-2 and 16-l arc s"t a.t 0 (sao Figura 9-l). Since 

6 digits a.rc being printed from accumulators 14, 16, 17, ... , 20, coupling 

switches 4-5, 7-8, 9-10, ll-12, 13-14, and 15-16 are sot at C, All other 

coupling switchas arc sGt at 0. The pr1!1t switches for the 13 printer 

;;rottps usod hure a.rc sot at print with all others sot at off, 

A posziblo plug board wiring; for printing tho numbers involved 

is shown on PX-12-305 R3. Notice thc.t oven though 10 digits arc sot up 

in th<l printor groups for "ach valuo of Nk, only 6 digits aro printed 

sinco connections from computer result exit hubs to punch magnet hubs for 

the four dit~its at th~ right in oach p•dr of fiv.:. digit printer groups aro 

omitted, 
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X. MASTE!t PROGIWIIlER 

The master programmer is a central programming unit whose primary 

• function is to direct and stimulate the performance or the program sequences or 

various leTels which enter into a computation. While the master programmer is 

capable of stimulating the performance of individual programs, it is usually 

not required tor this purpose. It ie, however, essential to use the master 

progrBilllller to accomplish the iteration of a pregratn sequence into a chain 

(see Section 1.4.) or to link together chains and program sequences, The master 

programmer can link programs together either serially or on the basis of magni­

tude discrimination. The master programmer may al.so be used as a COUIJ.ter in 

that it is capable of storing numbers (without sign, however) and also of adding 

• by counting pulses, This latter feature enables the operator to etore values, 

say ot the independent variable, in the master progr81111ler, Certain decades or 

the master programmer have been connected to the printer so that a number stored 

in these decades can be printed. 

• 
• 

Sections 1, 2, and 3 or this chapter are concerned with the components 

ot the master progrllllller. The progrlll!llling or the master progriiiiiiiU' is discussed 

in Section 4, and the usee or the master programmer are considered in Section 5. 

Illustrative set ups involving the JD&ster programmer are found in Section 6. 

Reference will be made to the following diagrams: 

Master Programmer Front View 

ll&ster Progranmer Front Panels 

Master Programmer Block lli.agram 

PX-8-.303 

PX-8-301, 8-302 

PX-8-.)04 
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10,0 GENERAL SUMMARY 

The master programmer has ten steppers (identified by the letters 

~ A-K on PX-8-301 and 302), The basic property of a stepper is that it has one 

input and 6 outputs, By means of the 6 output terminals, a pulse received at 

a stepper input terminal from a given program line can be routed to one of 6 

program lines, 

Each stepper has a 6 stage counter, The output terminal through 

which a pulse is emitted when a stepper input is stimulated depends on the 

stage of· the stepper counter at the time when the pulse is transmitted, 

The master programmer also includes 20 master progr~mner deeades 

(numbered 1-20 beginning with the extrume right hand decade on panel and end-

~ ing with the extreme left hand decade on panel 1), By moans of decade associator 

switches as many as fivu decades can be combined into a group, and, as a group, 

associated with a stepper, 

The group of decades associated with a stepper counts ·one each time 

the stepper is pulsed. Each decade has associated with it 6 decade switches, 

one for each stage of a stepper counter, When the stepper counter is in stage 

s and when the decades associated with a stepper register the number set up on 

the decade switches belonging to stage s of the associated stepper, the stepper 

advances from stage s to stage s+l and the decades associated with tho stepper 

~ clear to zero, Thus, the decades and decade switches make it possible for a 

stepper to emit a pulse from the output terminal associated with stage s of the 

stepper on the number of occasions specified by the settings of the stage s 

decade switches and then to emit a pulse from the output terminal associated 

~ with stage s+l of the stepper counter. 
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Besides the preceding there are other features of the master programmer 

which provide means of controlling the stepper counters and decade counters, Each 

decade counter has a direct input (lab~ll~d by ~he ~~cade number followed ?Y di), 

Each pulse received at a decade direct input terminal cycles the decade counter 

one stage, Similarly each pulse received at a stopper direct input terminal 

(di preceded by the stepper letter) cycles the stepper counter l stage, A 

stepper is cleared to stage l by pulse inp~t to its clear direct input. (cdi 

preceded by the stepper letter). A stepper clear switch associated with each 

stopper un:!.t. oakes it possible to use a stepper counter as a c stage counter 

where l '\;;c ~ 6, 

10,1, DECADE ASSOCIATOR SII!ITCHES 

Certain decades are permanently associated with one another and, as a 

group, with a particular stepper, For example, decades 15, 16, and 17 are per-

manently.associated with one another and with stepper C, Other decades (decades . . 
12, 14, 18, and 20 on panel 1, for example) can be associated by means of a 

decade associator switch with either of tho 2 stoppers whose identifying letters 

appear on the switch and thus, with the other dec.OJ.dcs permanently connected to 

that stepper, Notice that steppers A and F may be used without any associated 

decades, 

The decades of a group are connected to one another for the purpose 

of carry-over and, as a group, are associated with a stepper to provide one of 

the signals which can cycle the stepper counter at certain times (see Section 

10,2,2.) • 
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• l0,2. MASTER PROGFUJ.IMER DECIJJES 

The master programmer decades w~ll be described with reference to the 

diagram for decade 11 on PX-8-304. Each master programmer decade consists of 

• 6 decade switches each with an associated inverter (B41, 42, or 43), and a 

decade ring counter with a clear circuit (inverters lif and B45 and gate B44), 

a carry over circuit (gate 28 and tubes .30), and an input circuit containing 

pulse standardizer 25-27 and buffer 31. Noons ll.ssociated with stages 0 thrOugh 

9 of the decade counters are shown on PX-8-303. 

10.2.1. Decade Counter: Input and Carry Over Circuits 

Decade counter D (where l~D~20) can be cycled by input to its 

decade direct input terminal, from the carry over circuit of decade D-1 (if there 

is a decade D-1 associated with it), or, in the case of units decade of a group 

• associated with a stepper, tr~ the stepper input circuit (see Section 10.3.1.) 

Pulse input to the decade direct input cycles the decade counter immediately, 

but there is a. one addition time delay between the pulsing of the stepper input 

and the cycling of the decade counter which results (see Section 10.3.1.). 

When a given decade counter is cycled to stage 9, gate 28 (in the 

case of decade 11) opens so that the next pulse delivered to the decade not only 

cycles the counter back to stage zero, but also passes through the gate and 

tubes 30 to be delivered to the next decade at the lett if there is one, The 

time between successive digit pulses is not sufficient to allow safely for the 

• carry over process. For this reason digit pulses should not be fed to the 

decade direct input terminal (also see Section 10,2,2.). Input to the decade 

derived from pulsing the stepper input terminal (sec Section 10,3,) comes at the 

time of the CPP so that there is sufficient time for carry over, 

• ifTube 1 and the c~oca(e ring c~.unter aro m:.Junted in ·a plug-in unit. 
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10,2,2, Decade Switches and Decade Counter Cloer Circuits 

Each decade switch is correlated with one of the 6 stages of the 

stepper counter associated with the decade, A decade switch in the top row is 

associated with stage 1; a switch in tho bottom row, with stage 6, · 

The operator sets up on the decaoe mvitches corresponding to stage s 

of a stepper the number which the decades associated with the stepper must 

register for the stepper to advance from stage s to stage s+l and for the decade 

counters to be cleared back to zero, For example, if decades 12 and 11 ore 

associated with stepper E and if the switches in the second row from the top 

are ·set at 3 and 8 respectively, then stopper E will advance from stage 2 to 3 

and the decades will clear b~ck to zero when tlus pair. of decades stores the 

number 38, 

Each point on a decade switch is connected to the normally positive · 
' 

output of one of tho stages of the decade counter, The negative signal from a 

stage in the abnormal st~te turns off the inverter associated with a switch set 

at the corresponrling number, All inverters fer the stage s decade switches are 

connected to the stage s stepper cycling gate (see Section 10,3,2,) of the 

associated stepper, When the stepper counter is in stage s, the stage s stepper 

cycling gate e~ts a signal provided that ~ the inverters for stage s switches 

of decades associated with the stepper are turned off, 

The output of the stepper cycling gate is taken (through an inverter) 

to the gates nunbered 44 (preceded by B, c, .••• , or L) of the decades associated 

with the stepper, The CPP passed through these gates clears the decade counters 

associated with the stepper, The output of the stepper cycling gates also goes 

(through inverter 64) to gl!.te 63 in the stepper. The CPP which is thus all:JWed 

to pass through gate 63 causes the stepper counter to cycle one stage at the 
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same time that the associated decades are being cleared. The necessity f<>r 

providing sufficient time for gates 44 and 63 to set up before the arrival of 

the CPP they are to pass is a second reason for feeding only program pulses to 

the decade diract input terminals (also see Secti~n 10.3.2.2.) 

10,3. STEPPERS 

Each of the 10 steppers (A-K) consists of a 6 stage stepper counter, 

a stopper-counter input, a stepper clear circuit, a stopper input {as distinguished 

f:ror.~ the stepper-counter input), and 6 outputs, For convenience, the elements 

of these circuits will be identified with reference to the drawing for stepper E, 

The stcppor input circuit consists of a stepper input terr.linal, an 

input flip-flop (66, 67) and input gate (69), buffers (65 and 70) and an in-

verter (68), Each of the 6 outputs consists of an output gate (61-69), a 
' 

standard transmitter, and o.n output tenninal. 

The stepper-counter input circuit inc~udes a pulse standa.rdizer (21-23) 

an inverter (61) and buffer (62) and can be entered either through the stepper 

direct input terminal and buffer 61 or through the circuit containing the stepper 

cycling gates (B, C 48-50), inverter 64, ~nd gate 63, 

The stepper clear circuit contains an inverter (C46), the stepper 

clear direct input terr.linal and buff~r B46, the stepper clear switch, inverter 

Bl~6 and gate B47 • 

10,3.1. Stepper Input and Output Circuits 

J. program pulse rec.eived at tho end of t<dditL)n tir;~e t or a group of 

digit pulses received early (see below) in ad~ition tir.lc t+l by the stepper input 

t<;rminal sets the input flip-flop. The nonnally nega.tive output of this flip-

flop then opens gate 69 so that a CPP passes through at the end of addition tiJ:Ie 
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t+l. It is to be noted that if digit oulses are ~to the stepper input, they 

must be pulses which begin to be emitted before th~ (i.e. no later than pulse 

t~e 6) in order to allow time for gate 69 to set up and pass the CPP which 

arrives at the end of the addition tine. Since, in general, one does not know 

in advance the ~gnitude of a number, this restriction on the digit pulses which 

may be delivered to the stepper input is equivalent to saying that the only digit 

pulses which may be brought to a stepper arc sign pulses since the 9P for sign 

begin to be emitted early enough in the addition time cycle. 

The output of' gate 69 bas three effects: 

1) 

2) 

3) 

It resets the input flip-floP*. 

Passed through inverter 68, cathode follower 70, and buffer A43, 

it causes the a.ss<Jciatct1 ~:roup of decade counters to be cycled 

one stage in units place. 

Passed through inverter 68 and cathode follower 70, it is delivered 

to the stepper output gates. 

Each of the 6 output gates is controlled by the nonnally positive 

output (through an inverter) of a. stage of the stepper counter. Thus the pulse 

from cathode follower 70 is passed through the g!l.te and the transn1itter corres­

ponding to the stage in which the stepper counter is at the end of addition 

time t+l. 

I~ when the stepper counter is in stage s, the stepper input alone is 

pulsed, the output pulse is thus ~tted from the terminal associated with stage s. 

It is, however, possible to pulse both the stepper input and stepper direct input 

~~Since this flip-flop is reset at the end of addition time t+l, a stepper input 
must not be pulsed in successive addition times. The same restriction is also 
pertinent to the use of program controls on ether units. 
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terminal (see Section 10,3.2,1,) at the same time, If this is done, the output 

pulse is emitted from the terminal corres:>onding to the stage to which the 

stepper counter is cycled by the end of addition time t+l as a result of the 

• pulses delivered to the stepper direct input ternrl.nal, 

10,3,2, Cycling a Stepper Counter 

~ stepper counter which has associated decades can be cycled either 

by pulses received at the stepper direct input terminal or as a result of the 

fact that the decades have counted to the n~ber set on the decade switches 

corresponding to the stage in which the counter is, A stepper without decades 

(steppers A and F can be used in this way) can be cycled only by pulse input to 

the stepper direct input te~nal, 

~3,2,1, Stepper Direct Input 

• A pulse received at a stepper direct input terminal is delivered 

through tubes 61 and 62 and the pulse standardizer to the stepper counter, 

Each pulse, whether program or c!igit, delivered to the stepper direct input 

causes the counter to be cycled one stage immediately, Notice, no output pulse 

is emitted When a stepper direct input is pulsed, 

10,3,2,2, Stepper Cycling Gates 

Each stepper cycling gate receives as one input, the normally positive 

output (through an inverter) of a stage of the stepper counter and as its second 

input, the outputs of the inverter tubes connected to s stage decade switches of 

• all the decades associated with the stepper, Those inverter tubes have their 

• 
plates connected in parallel to a common loac! resistor, The circuit containing 

the inverters and stepper cycling gates is such that even if on1y one of the 

inverters connected to a switch is on, the gate remains closed, In this way, 

a stepper cycling gate, emits a signal only if, when the stepper counter is in 
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• stage s, all the associated decade counters have reached the stages specified by 

their s stage decade switches. 

The output of a stepper cycling gate causes a CPP to be passed through 

~ each of the gates 63 and 44 (precedec by B, c, ••• , or L). The output of gate 

~ 

~ 

63 causes the stepper Cvunter to be cycled one stage, and the output of the gates 

44 (prececed by B, c, ••• , L) clears the associated decade counters, 

Notice that the clearing of the decade counters and stepping of the 

stepper takes place one addition tin1e after the decade counters arrive at the 

n~ber specified by the decade switch settings whether the decades arrive at 

tfda number becauae of pulse if!Put to the decar.e direct <Jr stepper input terminal, 

Thus, if the stepper input is pulsed at the end of addition tu~e t or early in 

addition time t+l and the decade counters, as a result, reach the:sotting of the 

decade switches at the end or addition time t+l, the decade counter clears to 

zero and the stepper counter advances one stage at the end of addition time t+2, 

But, if the decade counters reach the switch settings as a result of pulsing the 

decade direct input at the end of addition time t, the stepping and clearing 

takes place at the end of adcition time t+l. 

10.3.3. Clearing a Stepper Counter 

A stepper counter clears back to stage one as the result of pulse 

input to its clear direct input terminal or as the result of receiving a pulse 

when it is in stage c (the number set up ~n the stepper clear switch), 

10,3,3.1. Stepper Clear SWitch 

Each point of the stepper clear switch is connected to the normally 

negative output of a stage of the stepper counter, If c is the setting of the 

stepper clear switch, then, when the stepper counter reaches stage c, the signal 

·- which passes through the clear switch opens gate B47. In this way, the next 
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pulse from buffer 62, whether derived from the stepper cycling gate circuit 

or fr':>m pulse :l.."lput to the stepper direct input, is gated through B47 after 

passing through inverter ~6. The output of gate B47 inverted by C46 clears 

~ the stepper counter back to stage 1, 

The circuit containing the stepper clear switch and gate B47 requires 

more time than that between successive digit pulses if it is to operate reliably, 

For this reason, if digit pulses are ever brought to a stepper direct input 

terminal, the stepper clear switch must be set at.6, With the stepper clear 

switch set at 6• clearing to stage one results from the fact that the stepper 

counters are ring counters, 

10,3,3,2, Stepper:Clear Direct Input 

Pulse input to the stepper clear direct input terminal passes through 

~ buffer B46 and inverter C46 and inmediately clears the stepper, 

If another pulse attempts to cycle the stepper at the same time that 

the stepper clear direct input is pulsed, the clearing action will predominate 

because the clear circuit spreads its signal out in time sufficiently for this 

purpose, 

10,4, PROGRAMMING THE MASTER PROGRAMMER 

One aspect of master programmer control is provided by the switch 

settings (decade associator, decade, and stepper clear), The other aspect is 

~ the input terminal (decade direct, stepper, stepper direct, or stepper clear 

direct) which is pulsed, Table 10-1 SWIII!IIlrizos tho properties of the master 

programmer inputs, 

It is to be noted that in the master programmer, each stepper with 

.• its associated decades functions as a unit independently of the other steppers 
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and decades. For this reason, it is possible to stimulate some or all of them 

simultaneously. 

It is even permissible to pulse more than one of the input termirtals 

of a given stepper-decade combination simultaneously. For example, a decade 

direct input terminal and a stepper input terminal may be pulsed simultaneously 

because the cycling of the decade counters due to the former is completed before 

that due to the latter begins. A stepper input and stepper direct input terminal 

may also be pulsed sunultaneously because the latter affects only the stepper 

counter and does so immediately while the former affects the decade and, if it 

affects the stepper counter, does so two addition times after the input, On the 

other hand, the stepper direct input should not be pulsed two addition t~es after 

the stepper input or one addition time after a decade direet input because of the 

conflict that would arise if the decade couriters were thus cycled to the settings of 

the decade switches, 

10,5, USES OF THE MASTER PROGRAMMER 

The progr~ controls of the master progranmer make this unit suitable 

for link or digit program control of sequences or chains, for accumulating values 

of an independent variable (or even serial numbers), and for extending the program 

control facilities of other units, 

10.5.1. Link Program Control 

The master programmer's contribution to the link programming of sequences, 

sequences iterated into a chain, chains of chains and various other program 

hierarchies is the program output pulses which can be tre.nsmitted through any of 

its 60 output terminals, 
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• 10,5,1,1, The stimulation of sequences 

Tho operator can provide for the stimubtion of any given sequence by 

connecting the input terminals or the first progr1'.l:t controls used in the sequence 

• to the sa::~e program linll the.t one or nora progr~m output terclnals of the master 

• 

• 
• 

prcgrru:1ner arr:J connor.ted, To stir.l.ulate that particular sequence, then, a pulse 

must be deli •rered to a stepper input at a tir.lc · when the stepper counter will be 

in the stage associated with one of the nnster progr=er output t<'m:d.nals 

rtentioned in the previous sentence, Control of the stc.ge of the stepper counter 

1:1ay be exercised through the settings of the dece.de switches or by pulsing the 

stepper direct input or stepper clear direct input, The pulse wldch rtUst be 

delivered to the stepper input torminal in order to obt.:dn a progran output pulse 

may be derived fror.1 the progrt,J:t :Jutput terr.d.n.:J.l of c;ne of the trrll!sceivcrs used 

in the last prograr.~ of the sequence (see problem 1, Section 10,6,) or, in more 

conplex problor.IS, r;ta.y oven be obtained from arwther m~.ster progrfllll:ler output 

terminal (see probleu 2, Section 10,6,) 

10,5,1.2. Iteration of the sequences of a chr,in 

To secure the iter:,tion ;,f the sequence uf r. chain n titles the master 

progra.rnr:wr r.rust bu set up to trnnsnit a prograr.. ::Jutput pulse throll[',h an output 

t<Jn.dna.l which feeds to tho initial progr:'.l!ls of tho s0quence n tines and then 

to transr.dt a pulse through an uutput termin.:J.l which does not feed to that 

sequence, This can be acconplished by setting at n the decade switches esso-

ciated with the stepper output terminal which feeds to the first prograos of the 

sequence and by delivering to thr; stepper input the tcrninr-.1 pulse of the sequence, 

A pulse to initi~te the chain ~st be delivered to this stepper input, Then on 

euch of n successive occasions whenever the ste!'plolr input receives a pulse, a 

pulse will be transcltted to stir.ru.late the sequence, The nth pulse delivered 
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to this stepper input will, moreover, clear the decade counters to zero and 

cycle the stepper counter 1 stage so that the delivery of another pulse to the 

stepper input will result in the transmission of an output pulse through a terminal 

other than the one which, above, was described as being connected to the first 

program controls of the sequence, 

10,5 ,1.3, The stimulation of program hierarchias 

In general one stage of a stepper counter must be devoted to the stimu­

lation of a single sequence or to the stimulation of a chain of iterated sequences, 

To link together a number of different sequences (where same or all of the 

sequences nay be chains) requires the usc of a stepper vlith one stage of the 

stepper counter devoted to each se~tence or chain, A number of se~ences, each 

consisting of several subse~ences of the kind referred to in the previous 

sentence, requires the use of one stepper for the main se~ences and one stepper 

for each of the subsequences, 

A stepper must have associated with it by means of a decade associator 

switch sufficient decades to count the maximum number of iterations involved in 

any chains controlled by that stepper, If for any reason, there are not suffi­

cient decades for this purpose, the decade switches correlated with several 

successive stages of a stepper may be set so that the sum of the decade switch 

settings is the required number and the corresponding outputs hooked together 

to the same program line, 

The clear switch of the stepper must be set to the number of se~ences 

(or sequences of chains) to be controlled by the stepper, If the number of 

sequences to be linked exceeds 6, several steppers may be used sequentially, 

10,5,2. Digit Program Control 

If it is desired to use two or three function tables to list the values 
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of a single function instead of merely one, digit control of the program ot 

looking up a fUnction is needed so that the table appropriate to the value of 

the independent variable may be entered, This control can be supplied very 

easily by using the master programmer, 

For illustrative purposes, let us say that three fUnction tables 

are to be used (the case in which only two are used may be treated similarly 

except for minor details). Then a transformation of the independent variable 

will be made which will cause its values to lie between zero and 299 inclusive, 

The program Pi (for i • l, 2, 3) is defined as the program of entering function 

table i for a tabular ~alue, The problem, then, is to stimulate the performance 

of Pi if the digit in hundreds place of the independent variable is i - l. 

The operator must connect three successive program output terminals 

of a stepper to three program lines which are in turn connected, one each, to 

the program input terminals on f1mction tables 1, 2, and 3 respectively and must 

provide for the pulsing of the stepper direct input by digit pulses from the 

hundreds decade line of the accumulator storing the independent variable. The 

digit pulses may be those transmitted out of the accumulator's add or subtract 

output, Which stepper output terminals .3.I'e made to correspond to programs P , 
l 

P2, and P3 respectively depends on whether digit pulses from the add or sub.tract 

output terminal are used, The stepper input must also be pulsed (either at the 

end of the e.ddition time just before the stepper direct input receives the digit 

pulses or some time subsequent to that) so the.t an output pulse will be tranB­

mitted by the stepper through the output tenninal associated with the st~e 

to which the stepper has been cycled by the digit pulses. And finally, the 

stepper clear direct input should be pulsed after the digit discricination has 

been completed so that the stepper will be ready for use in the next digit dis-
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• crimination program when needed. 

A conceivable motive for pulsing the stepper direct input with digit 

pulses from the subtract output r.dght be avoidance of tying up the accwnulator' s 

~ add output. If digit pulses from the subtract output are used, 9, a, or 7 pulses 

will be received at the master progr~er's stepper direct input if the hundreds 

place digit of the argument is respectively 0, 1, or 2. Then the stepper output 

terminals corresponding to stages 4, 31 and 2 (with the stepper clear switch set 

at 6) respectively of the stepper counter should be so connected as to deliver 

the stimulating program pulses for programs P
1

, P
2

, and P
3 

respectively. If 

digit pulses from the add output terminal are used, then the stepper output 

terminals corresponding to stages l, 2, and 3 respectively of the stepper. counter 

should be so connected as to deliver the stinulating pulse for programs P
1

, P2, 

~ and P:3 respectively. 

Steppers A or F with zero decades associated are especially suited 

to digit discrimination programs. Any other stepper, however, may be used. If 

a stepper with decades is employed, two alten1ative methods for setting the 

decade switches exist: 

l) the decade switches corresponding to stage l of the stepper counter 

may be set at a munber exceeding the nunber of times the digit. 

discrimination program will occur; 

2) the decade switches corresponding to.the various stages of the 

~ stepper may all be set at 1. 

~lhether a. stepper with or without decades is used, provision must 

be made for clearing the stepper counter back to stage one sometime before the 

next digit discrinination program occurs. This ffiP~ be done by pulsing the 

• stepper clear direct input, If the stepper input is pulsed in addition time t, 



• TABLE 10-2 

' SET-UP FOR STIMULATING PROGR.J\M Pi 

(i-o, l, ••• ' 9) if digit i appears in kth decade of Accumulator l2 

'\Unit Ace. 12 I ~~ Master Programmer 

A~ I ( l"lGars to ~ Master 
'I'L11~ 

I in Jecade k) Input Output • 
l-1 'l±).' - 1-l ~ 

l A 0 l a,Ol 
l-2 

l-2 -~-

., 
AOl 

2 I 
' ~ Edi ! 2-1 . 

l A(k) I Adi 
.) 2-=t?..j 2-2 

i 
Fdi 
2-2 • 

i 
2-3 

' I 
~ * J.o3 '~o Eo' 3 2 

Ei 2-4 2-5 

.,.. ... 

" {I!~ ~ 
12-4 2-5 l / 

4 2-5 Fi Ai F1o A1o 
0 0 2 to P1 to P5 

F o A2o 
to2P2 , to P6 

F3o 
' 

A o 
~0 p3 toJP7 • F o A

4
o 

to"P4 to P8 , 

F6o A o 
~o Po ... to5P9 

·112-6 
.. 

5 • 6 2-6 
i;., E, and F cdi 

*Brac.es are used here to mean "or". 
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• the stepper clear direct input n~y be pulsed in addition time t+l when a stepper 

without decades is used or when a stepper with decades whose stage one decade 

switches have been set at a number greater than the number of times digit dis-

... crimination occurs is used. This allows sufficient tllae for the stepper to emit 

a program output pulse from the output terminal corresponding to the particul~r 

stage to which the digit pulses cycled the stopper. If there are decades asso-

ciated with the stepper used for digit discr~nation and if the decade switches 

of the various stages used are set at 1, the stepper counter should not be cleared 
the end of 

to stage 1 sooner than addition time t+2 since, in addition t~~ t+2, a pulse will 
" 

try to cycl~ the stepper counter due to the fact that the decade counter has been 

cycled to stage 1. 

A digit discrllaination progra~ where the possibilities are limited to 

... 6 consecutive digits may be tre!J,ted in a fashion w.ilar to that described above 

except for obvious modifications. A digit discrimination program calling for the 

stimulation of Pi if digiti (where o~i ~9) appears in decade k re:tuires more 

extensive modification. 

This problem may be handled in two steps: 1) discriminate to determine 

whether the digit is between zero and four inclusive or between 5 and 9 inclusive; 

2) using two different steppers for the two ranges mentioned above, discriminate 

among 5 consecutive digits. 

Table 1~2 shows one possible method of carrying out this problem and 

... Figure 1~1 presents a visual summary of this set-up. Figure 10-2 (a, b, and c) 

• 
shows ~he program and digit connections and switch settings required to carry out 

'-
this digit discriP.rl.nation program. The notation for the master programmer in 

Table 10-2 and in Figure 10-2 is e>.xpbined at the beginning of Section 10.6 • 

Stop 1 of this digit discrimination program is handled by transmitting 
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the number stored in accumulator 12 to accumulator 14 where it is received 

through a special deleter which eliminates all of the decade lines except 

decade k, The significant figure switch on accumule.tor 14 is set to 10-k so 

• that this accUJ:lulat,Jr clears to 5 in decade k, Now, if the digi.t stored in 

decade k of accumulator 12 does not exceed 4, decade k+l of accumulator 14 will 

store zero; if the digit stored in decade k of accurJUlator 12 is between 5 and 

9 inclusive, decade k+l of accumulator 14 stores 1. 

The next step of the program consists of transmitting the addition 

output of decade line k+l from accumulat:)r 14 to the direct input of stepper E 

and simultaneously the digit pulses :of the out:>ut ,;f decade line k to the direct 

inputs of steppers A and F, The pr·Jgram Jut put pulse from the program control 

on accur:tulator 14 used f.~r the previously mentioned program is delivered to the 

• input terminal of stepper E. If the digit stored in decade k of accumulator 12 

does not exceed 4, the output terminal corresponding to stage 1 of stepper E 

delivers a pulse to Fi. stepper F, acting on the information which it received 

from the addition output of accumulator 14, then transmits an output pulse to 

stimulate program P0, P1, ••• , or P
4

• If the digit stored in decade k of 

accumulator 12 exceeds 4, the output terminal corresponding to stage 2 of stepper 

E delivers a pulse to Ai. Stepper A then emits a pulse to stimulate P5, P6• 

The pulse output from the tenninals corresponding to stages 1 and 2 

• of stepper E is also taken to a program control on accumulator 12 whose repeat 

switch is set at 2. The output pulse from this transceiver is used to clear 

steppers A, E, and F back to stage 1. 

10.5,3. Accumulating Values of an Independent Variable 

~ The master programmer is a convenient unit for accumulating, storing 
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• and printing values of the independent variable, This may be done by delivering 

to a decade direct input, the number of pulses by which the value of the in-

dependent variable is to be increased at a given time or by pulsing a stepper 

• input, Ir. the latter case, the stepper input must. be pulsed in several different 

addition times H the independent variable is to btl increased by more than 1 unit 

at a time, J.t the present time, decades 14 through 18 inclusive., are connected 

to the printer. Therefore, it is desirable to choose frao ~~ng these the 

decades to be used for the accumulation of the independ~nt variable, 

The decade switches associated with th.:l stepper coW1ter stage involved 

in accumulating the independent variable should be set to a number one higher 

than the maximum value of the independent variable to be coW1ted so that the 

decade counters will not clear to zero before printing is accomplished (see 

• Section 10,2,2,), After the last printing takes place, the decade counters may 

be cleared to zero by feeding one more pulse to either the decade direct input 

or to the stepper input after printing, In the event that the criterion for 

printing the final result is something other than a certain value or the in­

dependent variable (see Problem 2 of Section 10,6,), it may be necessary to 

include a program sequence designed to clear the decade counters, 

10.5,4. Extencling the Program Control Facilities of Other Units 

Slululd the number or program controls on a particular unit prove in-

a.dequate for sane computation, the master progranrner may be employed so as to 

• make possible the repeated use of program controls on that unit at various 

times in the set-up, 

One way to accomplish this is to deliver the final pulse of the 

• 



• 
• 

• 

• 
• 

X- 19 

sequence which precedes the progrm3 set-up on a repeatedly used prograr~ 

e on t rol . to that control. Than the program output pulse of the program 

which is used repeatedly goes to the master programmer stepper which determines 

which sequence to stimulate subsequently. 

Let us suppose, for example, that program control 26 on the constant 

transmitter is to be used twice in a computation, with proglQlmS P0 and P1 

respectively preceding and following the first use of this constant transmitter 

control and with programs % and Q1 respectively preceding and following the 

second use of the same constant transmitter control. By delivering the program 

output pulse of the controls on which programs P0 and Qo are set up to the 

program pulse input terminal of control 26 on the constant transmitter, pro­

vision is made for stimulating this control on each occasion. If, however, 

the program output pulse of program control 26 must stimulate program P 
1 

once 

and the next time, program Q1, this cannot be done directly:. Instead, the 

output of program control 26 is.taken to a master programmer stepper which 

detennines whether to stimulate program P1 or Q1• 

When high-speed multiplier or divider and square rooter program 

controls are used repeatedly in this way, the problem of stimulating the 

accumulators which store the arguments to translilit may arise. The function 

table or another master programmer stepper may be used to provide for this 

stimulation. The illustrative problem of Section 8.7. illustrates the re­

peated use of high-speed multiplier program control through the use of the 

master programmer (see Figure 8-2 with particular att~ntion to the use of 

steppers D-K), 

In Section 4.5.2. the use of dwmmy programs set up on accumulators 

for the delay of a program pulse was suggested and, in Section 7.4. the use 
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of a function tabJ.e program to achieve a l.onger del.a.y than is possibl-e with 

a single accumulator control. was mentioned, nn al-ternative method of del.aying 

a program pulse, and one which is practicabl-e for J.ong delays, can be achieved 

through the use of the master prograrmer, This use of the master progranuner 

is illustrated in Figure 10-3. 

10.6, ILLUSTRATIVE PROBLEM SET-UPS 

Two problems are offered in this section to illustrate the use of 

the master progr~er in central programming. Problem 1 uses only link control 

to stimulate its sequences. Problem 2 is more complex involving both link and 

magnitude control and the use of the master progranuner to accumulate the in-

dependent variable, 

Both problems are described with reference to a set-up a.nalysis 

table, a figure showing tho master programmer links, and a set•·lip diagram, For 

problem 2, moreover, there is a set-up table. 

In the set-up analysis tables a decimal notation is used to identify 

the program sequences ~ •SIIIf:l.ll'Emce,, .the wmber ·.sepllol'lllt;.9.d from the sequence 

identification decimal by a dash indicates the number of times the sequence is 

to be iterated into a c~. For exanple, the symbols 

2-6 
2.1 - 10 integrate 
2.2 - 1 print 

are used to mean that sequence 21 which consists of a subsequence, 2,1, to be 

iterated into a chain by its successive performance 10 times and another sub­

sequence, 2.2, to be performed only once, is itself to be iterated 6 times, 

In set-up tables, (see Table 1~) instructions for the master 
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progr=er are given in a double colUl!Ul, The input terminal and program line 

from which it receives a pulse appear in the left hand half of the column. The 

program line designation appears above or below the symbol for the input terminal 

according as the line carries a program pulse or digit pulses. The output ter­

minal through which a program output pulse (if any) is transmitted and the program 

line to which the output pulse is delivered appear in the right hand half of the 

colUl!Ul, 

The set-up diagram conventions for the master programmer are shown 

in Figure l0-4. 

The r.taster progranmer link dhgrams are essentially block diagrams 

designed to sur,ma.rize the way in which tho various program sequences of a problem 

are tied together by the master programmer, The conventions used in these 

diagrams appear rrt the lower left of Figure 10-l. On these diagrams, we have 

used two different symbols for d.unr.ly programs, namely - - aild @ • 

This is done to distinguish between the purposes for which the d~ programs are 

used, A dummy program used to isolate program pulses is symbolized by - - ~ 

one used to achieve a delay of d addition times by @ , 

10.6,1, Prob1~m 1 

Problem l suggests a possible method of setting up the ENIAC to 

compute the trajectories needed to make an anti-aircraft table. The number of 

tra~ectories to be co~:~puted has arbitrarily beerl. taken as 200. The number of 

• integration stops performed before printing has also been arbitrarily taken as 

10, and U 1a •ssumed here that 60 integration steps will adequately cover the 

• 
required range. Obviously, numbers other than these could be chosen at the 

operator's discretion and convenience, Sequences 3 and 4 (see Table 10-3 and 

Figure 10-5) together constitute a test run. 
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TABLE 10-3 

SET-UP ANALYSIS -- PROBLEM 1 

1·-1 Selective clea>:" 

2-·6 

.3-··l 

4-1 

Read 
Transmit from C'•t''Jt.o.'lt Transmitter to Accuntulators 

2 ,l - 10 integrate 

2,2 - 1 pri:lt 

Selective cl"'ar 
Read 
Tranemit from Constant Transmitter to Accumulators 

4.1 - 10 integrate 

4.2 - 1 print 

X - 22 
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In aequmce 3, t.hj.s set-up assumes that the initial conditions for 

the test rUn will be :read from iUl IBM 11ard different fran the one whic:h held 

the initial conditions for the previous trajectory, This is not meant to in-

• dicate that such a procedure is the Qlll.y ·possible one. Depending on the amount 

of information to be put on the IBil cards or to bo set up on the constant set 

switches of the constant transmitter, the initial conditions of the test run 

• 

could be put on the same IBK card as those for the previous trajectory or set-

up manually on the constant transmitter, 

Stepper C (with decades 14-18 associated) is used to count the 

number of traject.ories (see Section 9.4.). After 200 trajectories have been 

computed further computation sequences will not be initiated, As stupper C is 

set up here, the 200th qard will be punched with serial number zero, 

Four stages of stepper counter A are used to advance the.computation 

through its four main sequences, Stage 1 of st~pper counter D is devoted to 

the ehain of 10 integrations (2,1-10 am:!. 4,1-10) and stage 2 to the printing 

sequence (2,2-l and 4.2.1) 0 

10.6,2. ·Problem 2 

This p~oblem set-up again involves the sequential computation ot a 

number of trajectoriea, Here, however, the set-up is one that would be suitable 

for ground gunfire trajectories, Besults are printed not after a constant number 

of integration sequences (and thus, at. even intervals of tlme if time is the in-

• dependent variable) but, instead, only in tho neighborhood of the summit an4 

ground, This is accomplished by following each integration sequence with a test 

to determine the magnitude of y 1 or y. When the projectile goes below ground, 

computations cease, a test run is pBrfonned, and then the next trajectory is 

• init.iated. 
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TABLE 10-4 

SET-UP ANALYSIS -- PROBLEM 2 

l-1 Initial Sequence 
Read IBM card anQ selective clear 
Transmit initi~.l conditions from constant transmitter to accumulators, 

~-· Until ;r+c2 (0 (see. Seq, 2.5) below, 

2,1-·1 Integrate 

2 .2~ Repeat as long as y 1 -c1 ~ 0 

Test y 1 -c1 and then integrate 

2.3- Repeat as long as yr +c1 ~ 0 

J-1 Pr5nt 

Test y' +c
1

, print, ~md th~n integrate 

Repeat as long as y - c2 ~ 0 -..... 
Test y - c2 and ·then integrate 

Rupeat as long as y + c2 ~ 0 . . .... 
Test y + c2, print, and then integrate 

4·-l. Clear the decades cf the .master programmer which havE:: been accumul.c1.ting 

the independent vexiable and clear all other steppers which require 

clearing in preparation for the next traj~ctory computation, 

5-l Test run 

5.1-1 Transfer ini~ial conditions from constant transmitter to 
a.ccumulc.tcrs 

5 .2-10 Integrate 

5.3-1 Print 

'·It is assumed here that the initial conditions for the test run are set up on 
t 'le constant set switches of the constant transmitter or read from the Ia.i card 
fcJl' the previous trajectory so that a new card n<'ed not be read for the test 
r~'s initial conditions, 
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The sequence• of this problam are defined in table 10-40 Sequences 

1 through 3 cover the computations for a trajectory, The breakdown of sequence 

2 into its component subsequences is shown pictorially in Figure 10-7 • 

It is assumed in this set-up that the value of the independent variable 

is stored in and printed from decades 14-18 (associated with stepper C) of the 

mast.er prograJIIiler, Computation, for a given trajectory, ceases, not at a fixed 

V'.lue of the independent variable, but when the projectile has gone past ground 

"ttl~ge (see Figure 10-7), This moans that the decade switches associated with 

.~tage 1 of stepper counter C must be set at a number safely in excess of the 

highest value of ~he independent variable that can be expected in any of the 

trajectory computations, (For the problem under discussion, we will arbitrarily 

take this number to be 80,0 with tenths place registered in master programmer 

decade 14), Furthermore, we cannot depend on clearing decades 14-18 as a result 

of arriving at the setting of the decade switches associated with stage 1 of 

stepper C, For this reason, sequence 4 is included in the set-up, The details 

for c~r~ying out this sequence will be explained in section 10,6,2,2. 

d<;qu~ncc 5 constitutes a test run, The plan of the problam calls for 

a te~;t ~un eft.er ee.ch +,rajectory has been completed, 

The r,ast.er progri'Jlll!ler links for this problem are shown in Figure 10-8. 

Steppers A,. C, D, E, a.nd F arc used, 

Stepper A controls the main sequences of the cocputation with the out-

put of st:1ge i stimulating sequence i+l, Stepper C records' the value of the_ 

indopenCI.ent. variable and steppers C and D have been so interrelated as to make 

:>~ss:blo the clen.ring of decades 14-18 after the projectile goes below ground, 

~-ue u::o"!e intagr'\tion sequence is performed as a subsequence of both sequence 2 
. -;~ 

.'~~'~--«.<::1u~!!_c;£.}_,_ S-r.epper E is used to choose the routine to be performed after 
.,)_r, •-·c'T•lC'.l~" ~. hc.-vfllver, the integration sequence is accompanied by programs 
COil~"'"·neJ with rJ.ccmr.ulating the independent variablo. In Sequence 5, we do not 
rer;r;r.J tao independent variable, 
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• integration, with stage 1 motivating the routine in sequence 2, and either 

stage 3 or 4, the routine in sequence 5, Stage one of stepper E routes control 

to stepper F. This stepper participates in sequence 2, determining which of 

• the subsequences of sequence 2 is to be perfon:ned at any civen time, 

10,6,2,1. Sequences 1. :?, and 3, 

The initiating pulse, at the very beginning of a computation, and 

thereafter, the output ot stage 5 of stepper h stimulates the performance of 

sequence 1 and thus initiates the c~putations for a trajectory and its test 

run, 

The final pulse of sequence 1, pulse l-2, goes to stepper A, Pulse ~-1, 

delivered by a10, stimulates the performance of sequence 2.1 (integration) and 

also causes the value of the independent variable to be increased, It is assumed 

• here that the increment to the independent variable is 0,2 (see Section 10.6,2,2.). 

Pulse 2-1, thru dummy program U goes to the direct input of decade 14 and to Ci 

to produce the required increment, llumrny program M is used to isolate the pulse 

which goes to Ci and to 14 di from the pulse which stimulates the integration 

sequence since, in sequence 4, we shall desire to stimulate Ci and 14 di without 

stimulating the other programs initiated by pulse 2-1 (also see Section 10.6,2.2.). 

Dummy program N intervenes between 2-1 and the pulse >1hieh stimulates the 

integration sequence, pulse 2-3, since, in sequence 5, it is necessary to stim-

ulate the integration sequence without stimulating the associated programs of 

• sequence 2. Pulse 2-1 is also taken to E cdi to rsturn stepper E to stage 1 

as long as sequence 2 is performed, 

The terminal pulse of the integration sequence, pulse 2-7, goos to Ei 
of 

and the output" E1 0 stimulates Fi, Before the summit range, stepper F is in 

• stage 1 so that pulse 2-10 is emitted. This pulse stimulates the performance of 
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the test on y'-cl (soc Section 10,6,2,4, for details of the tests in sequences 

2,2-2,5) and through dummy program P, brings the computation back to 2-1 which 

initiates the programs discussed in the previous paragraph, Dummy program P 

isolates the integration sequence from the test of y•-c1 so that .later (as in 

sequence 2,4) the integration maybe performed with a. different test, As long 

as y•-c1 remains non-negative stepper F remains in sta.ge 1, When y'-cl is 

negative for the first time, the test on this quantity yields pulse 2-9 which 

advances stepper F to stage 2, Vlhile the test on y•-c1 goes on, the pulse emitted 

by dummy program P, initiates the integration sequence. 

When the integration sequence is completed, pulse 2,.7 is emittod, .:.nd 

then pulse 2-8, This time, stepper F is in stage 2 so that pulse 2-11 is emitted 

by stepper F. Pulse 2-11 stimulates the test on y' +c1 Dlld, through dummy program 

Q, causes the emission of pulse 1-2, Since pulse 1-2, given out aa the terminal 

pulse of sequence 1, advances stepper ~ to stage 2, this time, pulse 1-2 causes 

stepper h to emit pulse 3-3 (and advance to stage 3), This pulse stimulates 

printing. Pulse 2-11 is also taken to dummy program R for a delay of 4 addition 

times. Dummy program R emi. ts pulse 1-3 which clears stepper A back from stage 3 

to stage 1 so that when the printing is compluted with the emission of pulse 1~2, 

stepper A again emits pulse 2-1 (and advances to stage 2). Pulse 2-1 stimulates 

the performance of the integration sequence and associated programs, Sequence 

2,3 is then repeated w1til y'+c1 becomes negative, at that tliae stepper F 

advances to stage 3, Whenever integration is completed in this phase of sequence 

21 pulse 3-1 is given out, 'l'his pulse stimulatGs the test on y-c2 and, through 

dummy program s, stimulates the integration sequenc~ as was described above for 

sequence 2,2, 
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When y-c2 becomes negative, stopper F is advr.nced to stage 4. In this 

p&rt of sequence 2, pulse 3-2 stimulates the test of y+c2 and, through dummy 

progrP.I!IS T and U 1 stimulates printing and then integration as described above 

~ for sequence 2,3, 

~ 

~ 

• 

\Vhen y+c2 is negative for the first time pulse 2-9 is given out so that 

stepper F advances to stage 5. 

Thus, when the integration initiated after the test which yields 

y+c2<:o has been completed, pulse 1-2 is emitted by F
5
o. 

Pulse 1-2 finds stepper h in stage 2 so that pulse 3-3 is given out and 

printing is stimulated, This completes sequence 3. 

We n•Jte that at the end of sequence 3 the following stde of affairs 

exists in the master programmer: 

Stepper stage of Stage of 
StE!pper ,.ssosiated decades 

A 3 0 

c 1 d ( 800 

D 1 0 (see Section 10,6,2,2,) 

E 2 0 

F 5 no decades, 

10,6,2,2, Clearing the Decades which Store the Independent Variable:- Sequence 4 

In the course of sequence 2, we have been increasing the value of the 

independent variable by 2 in decade 14 v.ith every rtlpetition of the integration 

sequence, Pulse 2-2, taken to the decade direct input, accounts for an increase 

of 1 unit and, taken to Ci, accounts for an increase of one more unit, Pulse 

2-2 also causes pulse 2-4 to be emitted, This pulse goes to Di causing stepper 

D to advance to stage 2 and pulse 2-5 to be emitted, This pulse, delayed for 

two addition times by dummy program W, restores stepper D to stage 1 as long as 
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sequence 2 is in progress. 

At the end of sequence 3 (the lest printing for a trajectory), pulse 

1-2 is delivered t·:> i.i, Pulse 4-1 is then given out by A.
3
o and stepper A advances 

to stage 4 • 

Pulse 4-1 advances stepper D to stage 2 and, through d~ program V, 

goes to both Ci and 14 di, Since we assumed that the settings of the decade 

switches associated with stage 1 of stepper C safaly exceeded the maximum value 

of the independent varie.ble, stepper C is found in stage 1 at this time. Thus 

2-4 is given out to stimulate Di and, because 4-1 advanced stepper D to stage 2, 

pulse 4-3 is emitted, One addition time after pulse 4-3 is given out stepper D 

cycles back to stage 1. However, pulse 4-3, delayed for two addition times by 

durnny program X, yields 4-1. Pulse 4-1 then causes the repetition of the programs 

described at the beginning of this paragr.<>ph, 

Now, let us assuw~ that the last printing for a trajectory takes place 

when the independent variable has the value lo-1 (800 -2m). Then, the output of 
I 

A
3
o causes the decades of stepper C to register 800 -2 (m-1) and, finally, 

causes dummy program X to emit a pulse for the lst time, This, in turn causes 

the decades of stepper C to advance to 800-2(m-2) and causes dummy program X 

to emit pulse 4-1 for the 2nd time etc, Tho (m-1) st pulse emitted by durnm,y 

program X causes decades 14-18 to roach 800 and also causes the emission of 2-4 

which results, finally, in the emission of pulse 4-1 by dwnmy prograu X for the '· 

th . St m t~e. epper C advances to stage 2 and its decades clear to zero before the 
th 

m pulse from dummy prograra X causes Ci to be pulsed Lgain, Therefore, this time 

pulse 4-l causes pulse 4-2 to be emitted from c2o, Pulse 4-2 goes to F cdi to 

restore this stepper to stage l, Si-nce the mth pulse enitted by d~ program X 

steps D to stage 2, it is necessary also to clear stepper D in preparation for the 



MASTER D. .. ,, 
I -· .. 

"'~ 
PANEL 2 ! 

'• ~ G ' {: fj 
·"' ·" I" I" H· i·' I" K 

·~ 
r ! 

; 
l 

:l ((.) 
I 

~. 
. ' ., 

~ • 
•• l.f . 1-

r s IG I I" i .I I" ' I "' I 
. 't~\ 

' 
0 0 0 0 0 ~o't~o 

Q 0 0 0 

) o· 0 .0 0 o· o 0 0 0 0 

• • • ••• • • • • • • • • • • • • •. \li • • • • • • 
. ' .. 

\\ 
••• ¢ ·~ ' 
'·. 

~. '· ® 'II 

' C-2J 

-

-
., . 

• 

• ' 

. 
~ 1W (a) 

lid 'Dp-Dk&r~ ,_ tea1ie • 1 Usd J' ,.. Jlsoo1Jle I 



• 

Fl.t!CTI(Jj JA6L[ OJ 
'a. ,- -

c:ooo 

pM· T 7 J 
.. I 'I I 0 • ~ 

ACCUMULATOQ · 
I'll· I 

.. . . '; ·:.<!,;;~~~i!:Y 
' ·' -~ 

. AC.C.UttlLATO~ 
... a. 

10 C C C:'C C 

1r.,;r~rqc CJ'· B o<.o(. 

. . 0 ~ I~I~I~IC 0 ~ 6 

~o Dllltlll 
'I"' 5 ... ,, .... _ r .......... -11-r+ Ll \,...._,I ~..f."'-..,....,1 ,.. ""I ~ ... [A.,..~shl ~....,_6,..,1 ~~, ... o ~,~1 <."'""", 

•• 0 • .., • 0 • . "). ". 

e,e,eo:ec•o•t'• 

- .. -·- 7-.3 F'iO("i '1 {1·'!'.') 
,. DF /)t:(·~ I , 

c..:.. .:... .a ,.>_ 

Iii 
I i I I 

I I 
.'" '" . 

! I 

\ I 

I I I 3 

I -~ 

Pl&e lo..t (lt). 

I ! 
I ! Z I 

I 

. 
I l 

; 

I I 
I I 

I .J 

aet..U'p Dia!P'IUII Per 'fe8t• liB 7 aa4 J' • Pr•l• 8 

) 

11.1111 

'. • 0 
'· o e. a • 

i 
1 
' i ' 

i I 

n 

I i 

I i 
i . I I 
' I 

lli 

i II 

" 

I ., I 2 

I ; 



u 
!"-. 
a .. 

,(Q 
·'I 
-~ 

a..._ 

• 

0 • Q • 
0 • 0 • 
0 • 0 • 

' 

. 

CXJNSTANT TQANQ'JITfEQ 0 COWSTANT T~AN~MITTEP 

0. '0 • 
Q • • • 
0. 0 • 

PNIEL ~ 

I( J.,_ 

(• • 0 • 0 • 0 • f. 
•~o\ oeae o•o• o 

o e·o • a • o • 1 o 
I 

I 
I 
! 

I 
I 
I 

i 

I f 
' 

' l 

1 
i 
I 

I I ' ' 
I 

I 
I 

! : I , 
'4 I ,;. 
I I 

PAIIELOI 

'ij P/'1 for -~ 
c I . 

1-1-jcaB~I 

l l·lc,fFi I 

Pig. 10..1) ( 0) 

Set Up Dlai;re Parr 'feota CID -, uu1 r• • Prott~ 1 

8 
I I 
I I 

r.otmM . TRANIIIITltQ 
!'aiii~U 

I I I 
I I I D 

... 

c.) 

1) 
3_') 

,-}, 
f 

0 



. 

' ·. 

I 

lABia 10-11 

IBI-VPWWI--80. ... -f--8 

t a .,..,. 1 

PX-B-4tf 

G I 
I 

I 

" I 
i 

' r ,_. 
~--··--~~---+_1_:_·~--~-"'~·~L-~ou~~~--~~~-------+~~--~~------~-------,--~~-1 

I 
1 <-oo, QJ1 J.- oo <>lj 

J. ci.O;t ; )
1 

UO!t..-.;t_' 
I 

o.-;j_ 
K ~)j 

L" I c, 
. 

i 

! 
.. , (j) 

3 Dl Q l : C, 

h~~~~--:_--~------+-------+.-_~. --~'~-·~ .• ~.-------+~,.~,----?.~~-------~----~L4-------l 
.f- c, 

5 

' 
"' 
i 

I ' 

'1-~ 

a:; 
(L) I i 

'i- ~ ~- ·j ' 

' 
i 

i 

.:1-11 @"f. 
C. 0 I 

-
~- ':l. (i)l 

ol 0 I 

I 

I 

I 

. 
I 

I 

I 

C, 
c.-_;t. C!.Oi c, 

KL "- ' . 

' 

! 
"1-r- ~ 

A~ s ~ : 
'"·- .. .) ~ ~-~: 7'~~-~--------+--- ___ _;, ---~-h,~_ ,,.. --w-------+.;-;----.-:+--- ---1-------"'..L.'----~--1 

Lj 80 I 1 •j'~C, 

. 

'"" "' ~ 
3 

,_, 
'lck 

' 't,o-_ I 

I ··t. 
! 

' ' 
i 

: 

' 

' 
I 

' 7- '..l. 

i 

3-;0, ~'ll: 
ci.O:l: I 

l,J ' 
I 

~- 3 \.!)' 
~0 I f 

1-~ I GJ: 
ff~\1,1 j 

i 

00-l"G!i 
'1-3- ~-'i~ 

l 
-

' 
' 

,_, W: 
0 0 ~-" i 

~-~ GJ 
ci.OI I 

J->. G'ill. 
001 ~, 

.~. I 

I 

~~ 

' 

I 

. 

c~ c,_ 



X - 30 

.. trajectory to follow the test run, This is done by the output of dlll!lllY program 

Z, Pulse 4-2, through dummy program Y, yields l-2 which goes to il, Pulse 5-l, 

the output of A 0, initiates sequence 5. . 4 
It is to be noted that the method described above for clearing stepper 

~ ·c requires that the settings of the decade switches for stages land 2 be multiples 

of the increment to the independent variable, 

10,6,2.3. Sequence 5. 

The output of A
4 

0 stimulates the performance of sequence 5-l in which 

the accumulators used for integration and printing are cleared and in which the 

initial conditions for the test run are transferred from the constant transmitter 

to accumulators. The last pulse of sequence 5.1, pulse 2-7, is delivered to Ei, 

Pulse 2-3, emitted from E
2
o, stimulates the performance of the integration 

sequence, After 10 integrations have been stimulated, E advances to stage 3 

~ so that pulse 2-7, delivered to Ei et the end of the; lOth integration, causes 

3-3 to be emitted, Pulse 3-3 stimulates printing and the output of the printing 

, pulse l-2, causes stepper A to emit pulse 1-l from i1. 0 and then to return to 
5 

stage l, Pulse 1-l initiates the computations for the next trajectory. No 

provision has been made for counting the number of trajectory computations and 

terminating computations after a specified number, Instead, we rely upon the 

exhaustion of the cards in the reader's magazine to terminate computation (see 

Chapter VIII) , 

10,6.2,4, Tests on y and y 1 

~ The tests on y'-c
1

, y'+c1 etc, included in sequence 2 are described 

with the aid of Table 10-5 and Figure 10-9 (a-c), J.ll 4 tests have been planned 

in such a way :.s to use the same pr"grB.Cl controls wherever possible, In table 

10-5 the progrrm1 c0ntrols used in each of the 4 tests are stimulated by pulses 

• carried in pr:>grom tre.y 7; those controls col!unon to only 2 of the tests are 

stimulated by pulses carried in program tray 6. 
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XI. SYNCHRONIZING, DIGIT, AND PROr.RAM TRANSMISSION SYSTEMS AND SPECIAL EQUIPMENT 

There are three principal types of dynamic communication between units 

~ of the ENIAC: 1) communication of the synchronizing pulses and gates, 2) digit 

pulse communication, and 3) program pulse conununication, These three types of 

communication are accomplished through the use of conductors mounted in trays, 

which, except for their outlets_, are identical for all three purposes, Each 

tray has a ground and 11 conductors separated from one ancther by metal shields 

and has the dimensions 8 ft. x 9 in, x 1,25 in. Since each panel of the ENIAC 

is two feet wide, each tray extends the length of 4 panels. Found at both ends 

of a tray is a 12 point terminal, Trays can be connected serially to one another 

by jumper connections between these end terminals, Cornrnunication:·of types 1 and 

~ 2 above is by means of so ca.lled digit trays. These have twelve point termi­

nals at 2 foot intervals, The digit tray is shown on PX-4-102, Program trays 

which have a set of 11 two point (1 wire and ground) outlets at 2 foot intervals 

are used for communication of type 3. The units of the ENIAC are connected into 

these trays by means of digit or program cables. 

The synchronizing, digit, and program transmission system and associated 

equipment such as load resistors, shifters, deleters, etc. are discussed in the 

following sections: Transmission of Synchronizing Pulses and Gates, Section 11.1, 

Transmission of Digit Pulses, Section 11.2; and Transmission of Program Pulses, 

~ Section 11.3. Pulse amplifiers which may be used in either the digit or program 

transmission system are discussed in Section 11.4. 

The semi-permanent connecticms between accumulators and the printer, 

high-speed multiplier, and divider and the intorconnection of accumulators are 

~ treated in Section 11.5. 
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A portable control box which pera11els certain controls on the 

initiating and cycling units is discussed in Section 11,6, 

• U.l, SYNCHRONIZING TRUNK 

• 

• 
• 

Nin£J digit. ':.rays connected in series by ,iumpe:rs from the synchronizing 

trunk which delivers t•l the; ot.h•,Jr :r~~HAC u~ts the 9 trains of pulses and the 

carry clear gate emitted by the cyc:ing unH and the scl·JCti"!e dear gate emitted 

by the ini-tiating u.>lit" The Ryar:hroni:ilins trunk rnns around tl!e back of the 

ENIAC bGlow the Y<"nt.ihting pP.nels from tho initiating unit up U!'ltil (but not 

including) panel 3 of t.he const-'nt trmsmitter. The Hnes marked@ through @ 
or. PX-4-·102 a.r.: used for -the following pulses or gates: 

CD CPP G> RP 

Q)IP (J) 1 1P 

G) 9P ® CCG 

@ lOP (j) 2P 

0) SCG @ 2 1P 

@ 4P 

A cable with a 12 point plug at either end is used to bring into each unit the 

fundamental pulses and gates. 

11.2, DIGIT TRANSMISSION 

11.2.1, ,Digit Trunks 

Seventy-two digit trays (in addition to the 9 trays for the synchroniz­

ing trunk) have been built for the ENIAC, These trays can be stacked on a shelf 

above the switch panels of the units from panel 1 of function table 1 to panel 2 

of the constant transmitter inclusive, As many as 8 trnys on one level can be 
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connected by jumpers, The load resistor (or load box) ahown on PX-4-103 is 

plugged into an unused terminal usually on either the first or last tray of a 

set of jumper connected trays (certain wt~;eptj pns to this statement are noted 

in Section 11.2,4,), The digit input and output terminals on the various units 

are connected into the digit trays by means of digit cables, A three-way plug 

is used at a digit tray terminal when more than one digit terminal of a unit is 

connected to a partieular digit tray terminal, The term digit trunk is used to 

refer to a set of jumper connected digit trays, the load box at one end, and the 

digit cables which connect units to the set of digit trays, 

In digit trunks, the lines marked 1 through 10 on PX-4-102 carry the 

digit pulses for decade places 1 through 10 respectively and line' 11 carries 

the PM pulses (also see Section 11,2,2,), 

11,2,2, Shifters, Deleters, and Adaptors 

Shifters, delcters, or adaptors, used between digit cables, and digit 

terminals on the units, when it is desired to establish a special relationship 

between the decade place leads of the transmitting and receiving digit terminals, 

consist of specially wired 12 point plug and socket assmnblies, Shifters are 

used to effect multiplication by powers of 10, deleters to eliminate digit pulses 

on certain decade place leads, and adaptors for other special purposes such as 

taking digital inform.1.tion to program lines, 

The shifters which have been constructed at present are shown on 

PX-4-104 A-E, Vlhile in some caaes special shifters could be built for use at 

digit output terminals, these shifters are for use only at digit input terminals, 

The terminology used here is the.t a +n shifter (for n positive) multiplies a 
n 

number by 10 (or shifts data n places to the left); a -n shifter multiplies a 
-n 

number by 10 (or shifts data n places to the right) • 
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The following connections are made between the socket ~S) and plug 

(~) leads of the +n shifters: 

s [a~] P [m] 
s 

s 

fit left hand l--J Not connected to 
~<lca.de place!] 

anything 

eecad~ places]-7 p [?ecade places i + n] respectively 

Ground ) 'P [n right hand decade places J 
The connections established in the -n shifters are the following: 

s [RI) ) p [m and n left hand decade placeS] 

s ~ecad~ place~~p [decade places i - n J respectively 

s ~ right hand -rNot connected to anything 
decade places_ 

Notice that connections in the shifters for translating numbers n places to the 

• right are made in such a, way as to duplicate the m pulses in the n left hand 

• 
• 

decade places of the receiving Unit. Thus, for example, the number carried in 

a digit tray as M 4 823 000 000 is received through a -3 shifter in an accumulator 

as M 9 994 823 000. Because of the necessity of duplicating sign pulses in the 

n left hand decade places when a negative number is shifted to the right, a 

right hand shifter could not be designed for use at a digit output terminal 

for such a shifter would causP the PM transmitter to be loaded with the capacity 

of two or more lines in the digit trunk and would tie these lines together, thus 

making tho trunk a special purpose trunk • 

From the description of the +n and -n shifters above, it can bo seen 

that if a +n shifter were used at a digit output terminal, tho shift with regard 

to the n left hand dec:J.de places transmitt~d would be equivalent to that which 

results when a -n shifter is used at a digit input terminal. However, this 

interchange cannot be made bec~se, in the case of a negative number, sign pulses 
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are no~ duplicated in the n left hand decade places, Similarly a -n shifter 

cannot be used at a digit output terminal to accomplish a shift to the left 

because the n right hand decade place leads at tho receiving end are not grounded, 

~ The deleters which have been constructed are tabulated on PX-4-109. 

~ 

The deleters omit socket to plug connections for the leads associated with the 

decade places which ~re deleted, The deleters on PX-4-109 are designed for use 

at digit output temimus, Special deleters could be built for uso at digit 

input terminals, Such deleters would ground the plug leads for the deleted 

decade places, 

Certain special adaptors which combine shifting and deleting character­

istics have also been 'constructed, These are shown on PX-4-117. These adaptors 

have the following properties~ 

3A 5 place to the right shifter with sign deletion 

5A 5 left hand and PM place deletor 

SA 1 place to the right shifter with sign deletion 

4A 5 place to the left shifter with output of decade 

place 5 brought also to the PM lead 

6A 3 place to tho left shifter with sign deletion 

lOA PM doleter 

7A 5 place to the right shifter with sign delation, 

Adaptors for use ·at 12 point terminals on the divider and square rooter 

~ which function in a programming capacity are described in Section 6,4.2. 

11.2.3. Load Units for Digit Trunks 

The capacity to ground of any line in a tray is approxima.tely 120 

micro-farads, This cap~.city, plus that of the short jumper used to connect 

• one tray to the next, is called a load unit. The capacity of a three foot cable 
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• for connecting a digit input or output terminal to a digit tray is roughly equal 

' to a load unit, hdaptors have negligible capacity, In order to obtain pulse 

rise tioes within the proper limits for safe and reliable operation of the EN!hC, 

4lt the total nunber of load units (which equals the number of jumper connected trays 

plus the number of digit cables plugged into the trays) of a given digit trunk 

must not exceed 60 (also see Section 11,4,) 

4lt 

4lt 

• 

11,2,4, Special Uses of Digit Trays Without Load Boxes 

A load box is used on all digit trunks formed by connecting digit 

trays together, Because the trays have been designed so th~t the load resistor 

is plugged into the unused terminals of one of the end trays of a trunk, the 

flexibility of being able to connect varying numbers of digit tercinals to the 

trunks is possible, 

In a few special cases, the resistance has been built into circuits 

of the units and certain single digit trays connected to these units by digit 

cables are used without load boxes, No other units may be connected in parallel 

into these trays, 

In the case of the divider and square rooter (see PX-6-Jll), the 

following associated digit trays are used without load boxes: 

1) * the single digit tray which c~.rries coraponents of the answer 

from the enswer output terminal to the quotient accumulator's 

a input terminal and to the denominator accumulator's y input 

terminal, 
lf* 

2) tho digit tray which carries programming instructions from the 

*Running from the divider and square rooter to ''ccurnul::tor 5, A special short 
cable connects this di~;it tra.y to the a input terminal on the quotient accumu­
lator and another cable connects this tray to the y input terminal of the 
denominator accumul.l'.tor. 

*lf.ir. single tray running from the divider and square rooter to accumulator 5 is 
used, Special cables (see PX-10-307) are plugged from this tray to the inter­
connector terminals on accumulators 2 and 7, 
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quotient and shift accumulator program terminal on the divider and 

square rooter to interconnector terminals on accumulators 2 and 7 

3) the digit tray which carries programming instructions from the de-

nominator and square root accumulator program terminal to ~>ccumu-

lator 5, 

In the case of the high-speed multiplier, a digit tray without load 

box is used to connect each of the three partial products output terminals 

IJIPP II, RHPP I and II to the appropriate accumulator, A special short digit 
resistor 

cable without~load connects the LHPP I terminal to accumulator 11 and, for 

safest operation, the three lowest digit trays are used for the other three 

partial products, 

11,3, PROORAM TRANSMISSION 

11.3,1. Program Lines 

Eighty one program trays have been constructed for the ENIAC, These 

trays, like the digit trays, are 8 feet long, have 11 wires and a ground, and 

at either end, have 12 point terminals so the.t a number or progrBJ;l trays can 

be jumper connected to form a program trunk, The progrlll.l trays, however, have 

a group of eleven 2 paint terminals spaced at 2 foot intervals instead of the 

12 point terminals found on digit trays, A program pulse input or output terminal 
• 

of a unit is connected to a program tray by means of a program cable which has a 

• t11Cl point plug on each end ( 1 wire and a shield), In general, a load box 

(see PX-4-103) is plugged into an unused terminal e.t one end of program trunk, 

The term program line is used to refer to one conductor running the length of 

a set of juoper connected program trays and the progrn~ cables plugged into the 

,... conductor, 
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• fifty digit - program adaptors have been made. Each of these consists 

of a box with a 12 point digit plug connected to a group of 111 2-point program 

sockets, These adaptors make it possible to use digit trays as program trays. 

~ 11.3.2. Special Program Cables 

In addition to the standard program cables, a number of special U 

and Y program cables have been assembled. The U cable has a 2 point terminal 

on either end and a built in load, It is used to connect two program terminals 

on the same unit or on adjacent units without going into a program tray, The Y 

cable has three 2 point plugs. This latter type is used when it is desired to 

connect 2 program terminals on the same unit and also to connect to a program. 

line, 

11.3.3. Load units for Program Tra.ys 

~ In the case of program. lines, as in the case of digit trunks, the 

nuober of load units must be restricted in order to provide suitable time con-

stants for safe and reliable operation of the ENIAC. For program lines which 

carrz only program pulses the total number or load units (number of jumper con­

nected program trays through which the line runs and program cables plugg~d into 

the line) must not exceed 120. A program line which carries digit pulses, a 

case which can arise in magnitude discrimination programs for example, must not 

have more than fJJ load units. The more stringent restriction of load units is 

made for lines carrying digit pulses particularly because the short interval 

~ between successive digit pulses makes necessary an especially short rise and 

fall time for digit pulses for safe resolution of these pulses. Also, the digit 

pulses are slightly broader than the program puls~s so that even in the case 

where only l digit pulse is transmitted in a given addition t!Be, for the most 

• re1J.ahle operation, it is bast to restrict the number of load units to 60, 



• 

• • 

MOORE SCHOOL OF ELECTRICAL ENGINEERING 
UNIVERSITY OF PENNSYLVANIA 

PM 10 3 8 
OR 

11 
.. II 

M! ~.;Q3' @2) (AD 

'B B B B c ( c c 
D D D D 
4 1- ~ I 

r 

PM 
OR 

11 10 '3 B 

CoDE 

c1 INPUT 5oc~ET 

J. 0VPUT S OC~E:T 

-0-- BuFFU:. 

----c=J-- TE-RNSM!TTER. 

SA 

7 10 

~_I (f t1 
'-·· .· 

>=" f '--
2 2 
3 3 
A A 

c_' c+-

7 6 
--~ 

•• 
SB 

5 4 

II 

(~l (h21 
' . ' 

r, 
j J 

H H 
G G 
1 2 

'-r 

s 4 

DRAWN BY H.C'AtO\-;<~LEcKifl 

CHECKED av'1ll f-_;.,_,'v:_._ 1 

APPROVED BY ,• 
PuLsE 
BLOcK 

DMPLIF"IER.. 

DI~GRAM 

3 2 1 

~], (K.f 
' . 

5 

;-j j r-J 
H H H 
G. ~ r 

~-

3 4 5 
'-r '-

3 2 1 .. _ _J 

SCALE .. --..,_~ 

PX -4-301 



• 
• 

• 

• 

XI- 9 

11.3.4. Special Program Lines Without Load Resistor 

Program lines without a load resistor are used to carry stimulating 

signals to the follov1ing prograr,1 input terminals: 

Is and Rs on the initiating unit (see PX-9-302) 

PA, IA, and Cont. on the cycling unit (see PX-9-303). 

If desired, special program cables without resistance load aay be used instead 

of lines in program trays. Also, see Section 11.6. for a discussion of the 

portable control box which can be used to parallel these termd14~ls. 

11.4. PULSE AMPLIFIER 

Three pulse amplifier units (and chassis for two more) have been con-

structed. The pulse amplifier unit provides a means of circumventing the load 

limit restriction (see Sections 11.2.3. and 11.3.3.) on the total nucber of digit 

terr.dnals or program terminals that can be connected for communication with one 

another and also is capable of being used to isolate progr~~r.~ pulses. 

This device contains el~ven identical circuits, each consisting of 

a buffer and transmitter ~see PX-4-301). A signal delivered to the pulse 

amplifier by way of one of the leads of the 12-point terminal at the left 

of its front face, passes through the associated buffer and transmitter and is 
corresooncine lead of the 

er:dtted fron theJIIoutpul:. ternunal on the right side. Power for the pulse ampli-

fier is obtained by connecting the terminal on the left face to one of the four 

12-point terminals at the bottom of the diagonally placed panels at either end 

of the wall containing the high-speed multiplier. 

If two trays are connected by a pulse amplifier, each tray may have 

as nany as the naxi!:l= number of load units specified for that type (digit or 

r:nz.ran). Furthermore, data transmitted through th<l tray connected to the input 
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of the pulse amplifier is communicated to the trn.y connected to the pulse 

amplifier's output, Data carried on the tray connected to the pulse amplifier's 

output, however, is not coi:lmunicated to the tray connected to the input, For 

• example, in Figure ll-11 the G input of accumulator 1 can receive from only the 

• 

• 
... 

A output of accumulator 2; the ~ input of acc~~ulator 2 can receive from both 

the A and S outputs of accumulator 2, 

Through the use of 2 pulse amplifiers, two trays can be connected 

so that there is bidirectional communication between them, In Figure 11-21 for 

example; both the G and ~ inputs on accumuletor 1 can receive from either the 

A or S outputs of accumulator 2, 

The unidirectional comm~~ication in one of two trays connected by a 

pulse amplifier ·provides a means of using a pulse amplifier instead of one or 

more dummy program controls to isolate program pulses, In Figure 11-31 the 

schematic drawing shows two set-ups that are logically CIJ.uivalent: one uses 

a dummy program control; the other, a pulse amplifier• 

l1,5, SPECIAL INTERCONNECTION OF UNITS 

11,5,1, Connections to the Printer 

The units whose static outputs are delivered to the printer so that 

data stored in them can be recorded arc listed in Section 9,4, The reader is 

also referred to the following diagrams: 

Static Output Cnble 

Printer Adaptors 

PX-4-lll 

PX-12-114 

11,5 ,2, The High-Speed Multiplier and Its Associated J.ccwnulator~ 

Tho accwnulators connected to the high-speed multiplier for the 

,·ormnunication of digital and programming informe.tion are discussed in Section 5 ,4, 
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Reference is also made to the following diagrams: 

Interconnection of High-Speed 
Multiplier with Associated 
Accumulators 

Static Output Cable 

Accumulator Interconnector 
Cable (Multiplier) 

PX-6-311 

PX-4-111 

PX-5-131 

11,5,3, The Qivider and Square Rooter and Its ~ssooiated Accumulators 

XI-ll 

The connections established between the divider and square rooter and 

its associa\ed accumulators are described in Section 6,4, The interconnection of 

these unite is pictured. on PX-l.0-~07 and., on this same drawing, reference is made 

to the drawings of special cables and adaptors used, 

11.5,4, Interconnection of Accumulators 

• In Section 4,4,2, the interconnector terminal connections tor using 

• 
• 

one accumulator as a 10 decade accumulator or tor using 2 accumulators as a 20 

decade accumulator are discussed, The following diagrams are relevant to that 

discussion: 

~ccumulator Interconnector Terminal 
Load Box 

~ccumulator Interconnector Cable 
(Vertical) 

~ccumulator Interconnector Cable 
(Horizontal) 

Accumulator Program Front Panel 

11.6. PORTABLE CONTROL BOX 

PX-5-109 

PX-5-121 

PX-5-110 

PX-5-105 

Certain initiating unit and cycling unit controls which are particular-

1y useful in testing the operation of the EN:U.C have been described in Chapters 

II and III. These controls include: 
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Initial Clear SWitch 

Reader start switch and terminal RS 

which parallels the switch 

Initiating Pulse Switch and terminal 

IS wh:i_ch parallels the switch 

Operat3on selector switch for switching 

frr>m lP to either lA or continuous operation, 

and the terminals lA and Cont. which parallel 

this switch 

1 Pulse or 1 Addition Time Switch and the 

terminal PA which parcl.lels this switch 

XI- 12 

Section 2,1,2. 

Section 2,2, 

Section 2.2. 

Section 3.2. 

Section 3.2 • 

In Chapters II, and III there was described the direct operation 

of these controls at the initiating and cycling units or, except for the 

initial clear control, from anywhere in the ENIAC room with the aid of special 

program lines without load resistor, 

The portable control box provides a third and more convenient means 

of operating these c<mtrols and the initial clear button, By means of a cable 

the portable control box is connected directly into thtJ circuits of the controls 

mentioned above, 'l'his cable is long enough to permit the use of the control box 

anywhere in the ENIAC roam, The controls on the box reading from top down are: 

1) Operation selectc.>r switch for switching to 1 addition time or 

continuous operation when the operation selector switch on 

the cy·cling unit is set at 1 pulse time, 



• 
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2) 

3) 

XI- 13 

Initial clear button which, when pushed, causes initial tlearing 

to take place, (Operation selector switch must be set at Cont , 

when initial clear button is pushed,) 

Reader start button which is used to stimulate the reading of 

a card, Tcnnin:ll Ro emita a pulse when reading initiated in this 

way is completed, without the reception of an interlock pulse at Rl, 

4) Initial pulse button which, when pushed, causes a program output 

pulse to be emitted from termina.l I
0 

on the cycling unit, 

5) 1 Pulse - 1 Addition push button, With the operation selector 

switch set at lP or lk respectively, one pulse or the 1 addition 

time sequence of pulses is given out each time this button is 

pushed, 
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The reader ot this i.'C:;Jt-• r. 'i.U te p.:..O-..tl"il,r 1nt.er-:-.sted in tbe ttJ.ie& 

or drawings listed in the following pl:ragraphs. .A table on p&ee 4 gives the 

ew ,..,.sponding draw1Jrg number tor each unit or the ENIJ.C. 

1) Front. Panel Drawings. These dra:~t~ings shell 1n aome cietaU tbe 

switches, socket's, etc., tor each panel ot each unit. Tbe7 contain tbe 

essentilll. instructions tor setting up a problem on the: DaM:. 

2) Front View Drawings. ,,,, • .a 1~ one ;;;£ these drawings tor F.t&e:k 

ld.nd ,,r p.mel used in the various units or the ENI.M~. Thc:se sh-:-w the reht i.w 

position or the trays and t.ne location l;{ tr.-... vari..ous neon ll.,~hts. SiDe• these 

dr~wi.ngs show the neon lights, t.he7 can be used to check the proper operation o! 

the wr!oua waits. 

3) Block Dhgrc.ms. These drawings illustrr..te the logical easen~ala 

or the internal. Circuits Of each unit •. That is, rt.isistora, co~ensers, and 

aa:ae other electrical det&ils are not -showni but complc:te channEols (paths ot 

pulses or gates representing nucbers or progr2JII sigru-.ls) ve shown in ill thdr 

except that onl~ one s:ha.nnel is showr. where there is 1!\ore t.;131l one. Thus, these 

drawings show every resistor ... nd c.;mdenser and &DT other electronic elements 

belonging to &117 circuit • These drawings will be of pr.rticular interest to 

the aaintenance personnel and to those reading PU"t II or the technics.l report. 

5) Detail Dre:.wings • .k.ll othur drawings or the ENii.C coce under 

n•y • LJ ........... 
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Included with th.-. report. ia a folder cont.aildng all the drawinga 

listed in tho above table except the large front. panel (aee above}. A CGID­

plet.e tile ot drawings is awilable at the location or the ENIAC1 
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TECHNICAL IESCRIPTIOH OF THE i:NIAC, PIIRT II. 

This part or the repor\ describes in same dct~il the circuits 

used in the v~rious units or the I:NI,\C. Only sufficient progrlllillling det:dla, 

th3.t is, switch settings and plugging det&ils, will be giv<:n to enable the 

reader to underst~md the circuits. For more dct-.ilcd progranr.d.ng and illua-

trative set-ups tho reader is referred to tr.e corresponding chapters and 

sections or part I of this report • 
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I. GElmRJ.L DE.SaliPriO!f OF 'niE ENli.C 

This eh~pter describes the arrangement ot the units of the ~~c. 

gives ~ ·~ oC its mode of operation, and describes certain vacuum tube 

l!ncf circuit arr:mgeoer.t.s which are used repee.tedl,y in the units ot the ENIAC. 

l.l. Brief descriptian or the ~c. 

The ENIAC is an extremely high speed electronic nuMrical. computing 

device. It performs seouences or computations (without manual. attention ex-

cept tor setting up) which arc IIILo.de up of the following operations.,. 

1. Reading initial data from Illl card8 

2. Acldition 

). Subtraction 

4 • l.iultiplicatian . 

'· Division 

E:. Square-rootirlg 

7. Looking up function values in function t3bles 

8. Punching the resul\s on IBII cards. 

Senera.ll7, the units of the ENiaC have been designed to carey OD 

the above operations using ton digit decimal numbers. In case gre~t~r accuracy 

is desired provision has be~n made to c~7 on the above op~rations using 

twenty digit decimal IIW:Ibt:rs. Actuall7 the:re is an upper limit to.the nwaber 

ot different steps of camput~tion th~t can be performed without the attention 

ot the oper~tor, but this upper licit hAs been m~de high enough to handle a 

very larg~ elus of CCI:IpUting prOblCIIIIIo 

The ENII.C is a discrete variable rather th!'\11 a continous variable 

device. Consequently, errors in eoaput:>.tion arise only from 1111\thel!ll>tieal 

considerations (such as truncation, th~t is, ti:·. r•'placing of derivatives b7 

difference qu~tients, ~d rQUDding-off errors) or from f~ilure ot some circuit 

in the d1..vic<', Car"tul ··tt~tion wlls given to l!linirnizing failures and tor 
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-::~s;y location and repair of t.h"nr wh"ft tbey oeeur. 'ftle ENL.C ue~r the 

:~cil:lal s;ystcm, '!lid b::Ddl.La lleg"<J.tiwe lllldlera ~ ac;an. ot complemcnt.s with 

c•esp.1ct to 1rfi. 
~:: 

1.1.1. Ulli.ta ~the EIJi.C 

fable 1-1 gives a list or the units or the ENI .. c. the number of 

progr= controls of each, •..nd the purpose ot each unit. Eesent!nl.l7, tbc; 

number of prc;gram controls determines ho- Uk~ tiF~s that unit ma;y be used 

tor a different purpose in a particular sequence or computations, 

The Initiating Unit. Besides e. hum oscilloscope to chock the 

a-c sup!Jl;y lines and voltm<lters to read the various a-c !md d-e volttagcs, 

the initiating unit has the following switch controlss. 

1) start Switch - Turns on the cooling tans and the h~:~e.ters. Tbe 
amber light indic~tcs that the switch h~ been thrown. 

2) D-C On-Ott Switch.- This switch is loc&ted on the tuse pconels. 
It con be used t~ turn the d-e power on and ort. 

3) Stop Switch - Turns orr all the power. 

4) Initial Cle<.r - Cle9rs all the units in prepar:-.tion for starting 
a sequence or C•Jrnputat.il)ns. Green light c.x~Cs <>D when initiel 
clear h~ occurred. 

S) Door shunt switch - En::~bles the £NI~c to be operated for checking 
purposes with sme ;,f th" btu:k covers orr. 

6) Reader St~rt Switch - Causes the IBU Rearl~r to read a c&rd and 
then give out !. pNgrr.m pulse which ctn b~ used fl)r starting :! 

scqut:nce or col!lput<>.ti<>ns. Tht. R.:.ader can be c:.usod to operate 
by :1 prcgr<Jil pulse £IS well cs by use or this s-itch. 

7) Initiatinc Pulse Switch- This switch-causes~ synchronized 
progr'!m puls~ t? b~ given out. This cF..n be used to start !:. 

sequence cf computations, 

The initiating unit cont'lins selective clear progr~m controls by which cert:WI 

predetendned acCUJ!Iulators cl!ll be c::uscd to clo:~':!.r. The printer program control~~ 

are- clso loc"<tud in th·~· init.i::,ting unit, J.. clock which •.l<.:r.sures tho.J tL:Ic thol 

p'lwer supply hd>.t.:;rs ~re on is els.:• locr.tr.d on this pc.ncl. 
• 

Cycling Unit, This unit pr~duces the pulses ~ich are us~~ t~ rep­

reso:~nt dicits .,r pro(;r~I.; sign~ls, ?.nd c?uses th·~ V~.ri·}Us units o£ th" E:NL.C . 
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Units ·~t the ENL.C 

i 
Name · l~umbl:.r OJ! 

ot Ulli.t 'Pl''gnl!l. 
~ co••tr..,le 
j per unit 

I "t" t-. I 6 m 1."- l.ng; 
•t i UIU i 

Cyclinc 
unit 

Control center fo~Sterting and stopping --­
eomput~ticns. Contains six selective clear 
pr~gr~ c~ntrols. 

Pulse and g~.te pr:-:duci~ unit "hich causes 
the ?th,r units of the EJU .. C t., -">per!.te in 

20 ;.ccucul..a- l2 
aynchroniSCI. : 

.--~n---~~==~~--+----~~----~E~~~c~h~a~cc~um~.ul~~.~t-o~r--can st;re ten digit numbersJ 
1 add nlll:lbcrs ( trr.nsr.dtted b;y other units) to_ l 
its contents. or tr••nsnit its number and/or 
its c:·ll l~.;!no-nt l·~ o.•i.h;;r units and clear. 

tor 

1 :High-Speed 24 
: J.lultiplier 

• ·-
This unit ~..Ices uso .r built-in multiplica­
tion tebl~s to purfurn high-speed multipli~ 
c:..ti-:n 
This unit divides two1 t<.n or twerit;y diiit 
numbers ::nd c.:xtr;.cts the squartl ro:Jt.s ot 

i 1 Divider-
1 Smlarc 
: ro:>t.t:.r 

) , Function 
; 

t~.ble 
I 

1 i Constant I Transmitter 
:!Dd 1111 

' reader 

ll 

ll 
t~;n 'Jr twenty dirit numbers. 
ThLse units c&n l.:~ok up the viliues ot 
functions. The v:~ues vt the tuncti.ons nwst 
be set up :m S'o>itch pr.n••ls by the operator. . 

Thill Wlit :-.:.<:tis initial da.t&. tror.~ !Ill Ci!J'ds 1 • 

sets it up on rcl·tys :md tr.•nsr:lits it ~ 
eloctrc·nic·.;lly. The IRi ro:.dcr progr11111 

l ! Printer l 
--.....,,....--"T"0,...,.....,.------.._----..----1

--:c::=;:,:;:n"'t:..r•::.;:l::.,.:h bc~t.o_d in the initiating unit. 
This unit c~uses tr.~ results of seq~nces ot 

and 

1 

j IIIJ pwlCh 

i ioio;.ster 

C:ll"..put:.ticns t(l b-1 punch"d "n IBI.l c:..rds. Thci 
Iii! G•mg punch progr::n cuntrol is 1oCCLtod in 

·~~~----r--------~~t~h7~~i~n~i~t~i~·~=i~ng unit. : 
This is a pr. grkr.l c"ntro1 device which 

; prograr.u:.er 
I 

Progrv.. trunks and ~igit 
trunks 

decidt:s wh;:;n to ch:mgil fr:>m on,;: sequt.nco ;;;f 
c:>oput;,tions to :l.llothcr1 or when to print 
:md wh"n tu re,.d m?rc initial dat11. 

These er.o tr<:nSI'Iissi.:Jn lines which m~.k.;: it 
p·:>ssible to tr nsftlr nWllbora :l.llci pror;r0111 
signals rr.1r.: unit t:. unit :~os n10adcd. ______________________________ _l ______________________________________ ___ 
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!'.o opt.rate 1n synchronim. Table 1-2 lists the kinds of pulses and gatea 

thr.t are producod et this ;mit :Dd t.r~..nsmitt.ed to the other units over tbe 

cycll.ng trunk. 

ilccum.ulator. Depending u~ the switch settings, digit. trunk ~ 

tions, and progrm trunk connecticna ~ :occ:umulator can accomplish the to~ 

things: 

1) Store a ten digit II1Eibcr cr its cor.~plcment cond a PU indicatloa 
detemining whicb it 1a. 

2) Trenscdt ·~r a digit truak the number, ita COI!Iplenent, ar botb • 
..n.~r transmitting it n&7 or ~y not clc:ll' as dl.!sired. 

)) ... dd to its contents a positive :,r negr<tiv" number tr:msm.itt.ed 
by S'-'me other unit :,f tbe EBL.C, properly indicAting the sip 
Of the Sllr.lo 

4) "11 accumul.~tt!>rs n~•:r tr .:ns:J.t their c•mtunta by nuans at static 
cables to eith~r thL nultiplier or the printer. Ct.rt~in accuma­
lators are semi-per...:.n'-ntl7 connected to the printer. The slp 
indication is t.r::.r.•;-·it.t.ed to the divider in this lll8llner. 

!.lultiplicr •.. ·The cul.tipli.:r m&l.tipli~• a t~n digit nultiplicr:nd b7 • 

! (n ~10) diliit multiplier in .n•4 ~d:i.ti;.n tbs !!llll rounds .:.ti tht.: bllner t.o 

any prescribed nULlber of pl:lcea it so-desired. To do this, the .aul.tiplier mkea 

use of four or six acCUI!IUlators. 1t.is higt!-!IJ)eed multiplication is accompliabecl 

by means or built-in multiplicat.ioa tsbl.ea. 

Divider-Sauare R"'ter. This unit can divide ten or twont7 digit 

numbers and can extract the square r.,?t of a t~n or twcnt7 digit. nurllbor. U 

p is the sutting or the plr.ces Sllit.cb a division tr.kes 10 + 2 (number of trial 

subtractions) • 2p addition tiDes. 

Func;.ti.on. bl!l.f;. The tuncti:lft t~ble "'orld.ng in conjunction with 

either a v!l.riable nr a pemtoncnt t~le C':!D tr~nsl'llit ~ one <lf 1.04 values ot 

a runcti:ln (or it less th•.n seven digits is needed 208 vlll.ucs ')r the tuncti-m). 

To facilitate interp"lle.tion, arrr.n!~'lll'=nt has bec.n T.l>:!d.:: t;> tr~.nsrdt ~ ooe ~r 

the tour nuighb•,rin£ vuuu it desire~!. It a tunction~:l V'lluc is t>l be trans­

J:Iit.t.ed r tin."s (1 os;r s9) the process -.r cbtnning th•; tunction:U value tlllce1 
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==============~~~================j 
lind ;,f pulse ar gate I 
--------------~,----------------------1 
CPP Central Pre~crm Plll.sc I Uaetl aa a progr<'.m J)lllH. • 

i Us,;d to cycle th.: c!ce&des of aecumali.t~ wileD .t ! tr~s:-.i t ting e nl!:.; ~ur 0Yar the add cr IIU'btr ...ct • 
I ' 

• • lOP 

l 

Terus Pulses 

t 
; outputs. -

l 

. 
; . 
• 
' I . 

. I 

• . 

9P 

lP 

2P 

21P 

4P 

Nines Pulses 

One Pulaoi! 

'l'lto Palaea 

Tlfo-prL-ued i'ul.Rs 

Four Plll.ses 

I 
! 'iarioua Cl.lliibinationa >f thea.: pulses are UKd I to rgpr~sent the di~ts 0, 1, •••• 9. 

• 
' 

11P Onol-pri..r.Led i'W.st- 1 G<lner:·l.ly used ~.s ''· c )rrc.ctiAl pulse in tclda& I 
c:>oplemnts (ne,;e:tive nur.ibers). , 

i 

COO Carr;-Cl.::ar Gate Us::d tJ tak3 c:.re of cuey->ver in t~ decade• j 
1 r-.f th~ c.ccUJ'llll. ;turs arul to cle:u- !:.c~tJI'S : 
~ wtt .. n s:~ pr:::gr!ll'il'lCC • I 

RP Reset Puls~• Those pulses are usad t~ reset dec~rle flip­
flaos in the c.ccu::!ulr· t•Jrs ~d to pr:Jri.de th& 
c!cla:'f\'c.' CPzr;r-c.vc.r pulse. 

The ti,::ll: unit .:.f ·.pcr'!tLn f,~r the l:.NL.C is •m" &dditiun !!!:!!• This 

is ncrt~Dll;r a t.ir:le intervt:l. -~r 200 llicr::-s<:conds. J.n r•.r!diti•m til:a;: is divided 

int'> 20 pulse ti:'li.S 1 e:=.ch 10 nicrc;-s.,c;nds l.)ft(h 'l't.~. puls~os listud in the 

~~ot:-:vc t~ble 'irrive vi;. th..: c:rclin~, trunk at cech unit ;,f tho E!·!L.C t>nce ei.Cb 

·~citbn tin-. Th-~ pulse t.iclo::s ··.t which th3 v:.ri >Us puls• • ··Rd. g:<~t..:s arc 

pr~·duc~d is illustr: t·-~ b7 PX-9-)01 .r b7 th.: dir·,1J''lr.l .. ppe:..-ing >D ttw fr;mt 

p..nc:l ~r the cyelin;; unit. 
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·:- • 4 additi:'on t:laee. 

'sixt•Nn gr >Ups ~r p.,sit.i.Yc -T n<:g:,tiYe f'be a.git numt:ers tr.;a 1ft IBI carcl 

r.nd cause the:se t-, be act up "JD rE-1·<]15 in the Crmst:mt. Tr:.n&iJi.ttur. F:NI' 

•Jt.hU" !!%·~ups ::.t five di.f,it nur.ilers n•;z- be set up .:.n pene1 three of the 

C·-nst•,nt Tr'!llscitt.er. Pr~si:-n has bet-u ~ .. de fryr conbining theee five 

. di;dt gi'-'UpS ta lllt•k:! t: r ,:l.,.;_t gr·.·ups. ~i!len desirec, the Ccnst~Jlt Transmitter 

C"'.D trans::d.t Ui7 ~f these (;I'OupS Jf m::fJers to various ·>ther" uaf.t.& or the 

E:JL.c. Tr~.nsr.dssi :=n -:ot !:. rna.-Jb~r b7 tbe c·;;r.st!::lt tr..DII'Jitter takes .Jile 

•<dtlitLn tine, but. re3dillg ~m sett~ up rel::..1S t~ ehr.nge a llW:Iber takes 

1'lllgel'. 

Printer ro~d !B.! G~ Punch. !he printer C:'.D be c .. nnccted by str.tic 

c.JW:a t.n eighty deeP.des (en!! sixteen AI units) 1ccl'tcd in e:ither acCUI:IIll!1.t ... ra 

or ill the o."'.ster pr:Jgrvr:mer. ~lh~n s:> ::r ~iJ"=':r~ec th~ printer will cu.use the 

IBl pu."'.ch tc punch !.S ~ ~s eit",ht.y 1i;;its (-:;:!in ess.>ci!•t<lc!. ill gr:Jups uf 

five :r its ;:wl.tip1es f,r I'M purp:;scs) :..:-~ 1.6 F!oi ir.r!icr.tiuns ·lD thll 1114 c~d. 

Thus, the: nlub.;rs registen:d in these pri!ltin;:" ;ceeur-uL.t.>rs :>r in cert:dn 

dcc<.c!cs _,£ the ..:··st;::r Pr:.gr~~ner e·..11 ~ punched ;,n <.D I!ii e.vci. 

:.ll!stcr Pr >i",,'3C.lC:Z:o ;.b :·le scq-.ac~s . ! e•:cput.-:ti ~ns can be arr·,nged. 

1··eall..7, th.;.t is, b7 scttiD£: so~itches ~':! pl~gi.r..[ e:bles :.t the v!ll'i:nas units 

-.t the EtJL.C. The ~stt:r or~r,r=-.r is p:;.rtieo..U.~rly c!csiP,neti t" ca.uac ccrt .in 

sequences _ t e=put!<ti.•ns to rcpc:t, ~r t:J ke"!l tr:<ck ·,f hew n'.ny scq\18nces 

:-.re p:rf.Jroec'l, :r by :!l(;~.ns cr r'i6it ·'~' sign e:nt.r-.1 t:• c~..: the sequences 

when V"'ri<>blcs reaeh prt.scribec! -r~u .. s, .? e~dlin~ti ms 'r th.,se ~po::ratiuna. 

1.1.2. Digit Trunks • 

•• di~t tr<.y is ab'lUt ei:;ht rooet long a.."ld hu elcvon lint: a 0 Ten <lf 

tt:i:se lines e::rr.r t.he pul:;es repr..s•;nting th!! ten c:'ifter.mt ~i!it& or a ten 

1icit nurl:·~r and tht: .. tevcnth e>rri~s puis .s r.;prut:nting the; PI& indication. 
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~ takes senrr.l trt'.JB t:) ext.end al'aund to th& v~rious units. Senral tra711 

:)mected together with jumper C!!bles ~nd rtith one loud box phaggod iD toi'IU 

: digit trunk. Tb.:se di,sit tran rest m brackt.ts jut a.bov11 the front paDels 

ot thll units. 

1.1.3. Progr:ll!l Trunks. 

Pl'ogr:a tn¥a ue dnfl;or t:t digit trays except tor tlae tJPfl of 

plusged in constitute a pr!>gr;:;a trunk. The program V<.!11' ~st below the 

front panels ot the uaits. 

1.1.4. Static Cables 

l'lhenever the d£t:<"ldes at ~ll acCUlllllbtor :!1'8 connected by static cables 

to soi!ICl other unit it ~!.ns th:·t (Nf!r7 stage in ever:~ dec~ode and nt leut one 

st:~.gv ot the P"tl cvunt.er is connected to thi:: proper points of the ;>ther unit 

(printer, tor example). To ~ccor.~plish this, t~>o 55 conductor cablc.a Cl'\; ·used. 

In the case of the :a.ccumul~,tor t'l priDtt:r ccnn;:.ctions, Dnl7 51 le:.da of eacb 

indicntion. An ud~ptor is used ~t th~ ~ccumul;tor end to connt:ct both PM 

lines t.:> thu Ll st~,uc output .J! the P...i countt:r. In the case ot the st<<tic 

connections to the :.hst(.r Progr:'111:1er the P'~ lint. is not used, but can 

:-d:.ptor (s~e 9.2) must be ins..:rt.:d in tt.c printllr to keep the 1"..1 rd:-,79 

tr0111 oper!.tiilg. 

1.2. FlJl;l).,HLIIT ,T, t.U:crhCJ;:;:c U!:ITS CF '!"~ ~.C 

Thare ··rc: cert=in tund:n~nt:~ circuits which r.rt: reputed man,y 

tiJ:Ies throur.hout the Eli.'I..C. ";7e shl'-ll discuss a n\lr.lbt:r -::t th~s,; bert<. In the 

course r>f the following tlilsc:ussion w~; sh'-11 use the t~nn• "pulso" and "gllte• 

with the f•'llowing r.~~;~: 

pula-., •• pulse is l\ p)sitiYe ~ n .. g;tiv .. ch:ngc in potential 10hich 

hilS l• duration of l~b.:ut t•o to fivo;; l!licro-seconds ()laec.) 
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2!!!· A gate 1e a positive or negative change in potential which 

'1. d·.U"ation .,r t.en micrtt-se~nds or more. The Car17-Cl•ar Gate (see 

· -306), tor example, luta tor ?O micro-aecond8. 

It will be seen that the same type .,r electronic uaits located ill 

.:?!'erent. part• of the afiAC "JJ'ft"Bte at ditt"erent absolute voltage levela. 

!"c:- exar.~ple, the flip-tl~p 1llustrr.ted (PX-1-105) .,perates in a voltage range 

:'".·om -555 volts te -360 volts. Ot.her tlip-tlfiPs operate in ranges ot frola ~5 

'.:. +110 volts and from -920 t«> -725 TOlts. The power supply prodgces a range 

· .:: vcltages froB -920 volts to •550 volts. 

Throughout this report the fcllowi'lg convention will be foll.nwed with 

'·egar1 te input and output circuits. All input or output will alwa,ys be rep­

:-esented b;y ~nly one lead. The return circuit sflolll.d alwa;rs he thought of as 

going back to SOllie ~int .,n the bleeder of· the pawer supp]7. Fer example, 

the cathode of a tube may be at zero volts and the output ma;y cme from the 

plate with a range ot potential of from 100 volts to 150 Yolts, sa;v. Instead 

ot using this output with respect~~ zero it mr.y be ~sed with respect to -20 

volts ~iving an input potential tor the next circuit of tram 120 volts to 

1?0 volts. 'lhus, the reference point varies a great deal from circllit through 

thE' EN!J.C,. and it seems impractical to tr;r to represent the return circuits on 

f:UCh diagrams as FX-1-105 to PI-1-110. 

1.2.1. Flip-floe. 

a flip-flop is a four tube v~caum circuit which is the electronic 

analogge of an electric switch. Two ot the tubes (T)and T4 on PX-1-105) 

constitute the flip-flop itself, th~t is, a circuit with t\YO stable states. 

The other pair of tubes (T1 and T2) are called triggering tubes. 

The triuering tut:es. . .. ssu:lling that no sign:1l is :u-riving over the 

m_ input, the grid of T1 is a.t saturatir-n. This c.:.uses the tube to conduct. 

Thus, if a. neg~tive sign~ 6f·the proper magnitude arriv~s over the set input 

the grid will fall belaw cut-ott :.nd the tube will ce:,.se tft conduct • 
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In order to S6Cure r"li!!.ble operation it has been a design principle 

~1at in !!! !!!!:h cases the grid should be driYen three tiDes below ~tt. 

· ll"themore, to provide for the incr.,!lse in tube resistance with aging, tbe 

··.pplied signal has been so l!rl'!illr,ed th~t it will al~JII bet tot lers8t t110 and 

one half times beJ.D. cn•-rr. 
The flip-flop. It the trigger tube Tl. I!'OCS ott the grid ot r

3 
will 

::-ise well above the c.~thode potcnti~l. :-nc.' T will st;>rt conducting. The pl~te 
J . 

;JOtenti:-.1. of T3 will drop :md tflis drop in potenti-.1 will be c~..rried through the 

-::ondl;nsc~ c
4 

to the grid ot Tl. t.·nding to c~use T
4 

to go ott. it.s T
4 

st:.rts to 

go ott its pl• .til pot,.;nticl. rises through condenser c
3 

this cuuses tl:k: grili ot 

T~ to rise dVen f'•stur. Thus, th~ wholb process ~cceler~tes. Tube T be~s .;} . l 

conducting and '4 goes orr. This l:eing!:. stable condition, the tube 'J rem;..ins 

on ~d Tl. orr until such t~ ns triggar tube T
2 

goes ott. 

The output potcntid •!t 01 is -490 volts r:.nd of 0
2 

is -430 volta. 

Arter the flip-flop is set b;r : .n incoming signo:.l. ::t S the pot• .. nti:.l.s of o1 and 

02 :.re ~rch••ngud, !\lld the7 \'d.ll r.n~in this "''-7 until c r--set signU. arrivu t 

·at R. 

Note th·1t the condensers c1 end c2 isokte th·~ DC circuits so the 

input to the flip-flop 1:1' 7 OJif'r.-.t.:: <. t <! volt gt. level which is sOI!ICtimes !!S much 

as 600 volts abov~ the 1 ... -v~l of th.. flip-flop. 

Th'" g~;;ner• 1 pl: n will be to conft(.ct the outputs ~ <:nd 02 to the grids 

of tub..:S Whose c::.thodLS •·.r1. •:t ". pot,.mti~l betwcon these tWO OUtput potE.ntio:l.so 

For ex•·mplt., in rucEivcrs · nd tr: nsc.,ivers th:s-.. outputs go to th· · grids of 

65"7' s ~ohosc c~thodcs '-'r.: :.t -450 volts. Thus, -490 volts is •ell bdow cut­

:Jff' f'or th., on.: tube "h,;rt: s -430 volts is fr:.r . bov ... eut-of'f tor the other one. 

In this n·.nn;;r stHtic voltcg"s produc:.d by •· flip-flop •-r·. tr nsl'llitt<Jd to oth"'r 

circuits. 

The nucn lir.ht is visiblt on th~ front ptn,l. It is llght~d when the 

flip-flop is s '3t, th· t is whcm tube T 
3 

is conductil'lf;. 
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2.2. Counters 

.. h~s t111o stable st'\tes ::.nd just o~ input lin.:.. ,. first incoad.ng signal. 

· ·I.ll st~p it from st::.ge one to st::.g.: two whoro'->a the second incoming sip~ 

ill stop it b··ck to at:-gc on.:lo Thus, a.n ev•.n numbur of pula<is arriviJI& 0'1&1' 

:he input line 'Will l ... r:ve it in its initbl condit,ien whc!";<:.ll &n odd nudlior 

Tho tubes T1 E:nd T2 in PX-l-109 :let :rs t.rigering t.ubos. illwne'ftr 

'l p"Biti-.e si«n,,l ;,rri.fts an t.ht. input both or these tubt;.(bcgin to conduct. 

This causus th·• grids ~nd pl:·tes ot both T) and T 
4 

to t::k;: '• neg~tivc; swing. 

Since T4 is ott it h~• ne cttact th(lre, but T) is c~scd to go ott. AS T3 
goes orr its plat~ bec~s more positive ~nd through condenser c) the grid 

or T 4 a.lso trkcs :. positive swing. ;.s T l. b~ogins to conduct its ph.tc. takc.a 

a nog:•tive swing :.nd this through c:ondcns~;;r c2 further c:U"S tube T) to 10 

ott. 

Thll st~tic output circuits a.r<.: ~7 aimil:.r to thG outputs of the 

flip-flop dcscrib\ld above. The positive output has the high potential 

(rul~tivu to th~ other output) wh<.:nev.:r th~ ~ countcr is rogist~ a 

positiv.: number. \lith tube r
3 

conducting :·nd T
4 

not ( ;.s illustrat<:d) the 

naon bulb labt:llld P •ill b.: lit and th.: on~ l~.b.;led L not. 

... countc.r simil· r to th<.: I'll counter is llS..:d in the di vidor-square 

notc.r. 

Duc;!.dc ring counters. .~< dcc .. d" ring cow.t .. r is :. t\ln st~ge (with 

two tub.:s p<.:r st:og~.:) ring counter with t..:n ditt.:Jr<.r.t st·-'blc statos. Er.ch 

st·•go h::.s t1111o tubes •hich •ill b.: C'llbd r .. sp~ctiv;::;ly tube I .. nd tube II. 

Only onl' tube ot t> ch st• g .. iS c.:>nducting. If tubl• I is conducting th ,t st··ge 

will t:e s -id to b<.: in st:·te I; 1r tub..: II is conducting th::n th:.t will t:c s...id 

to be in st1.t.: II. The st··blc str-t.;; or thL whol" ring is 10it.h one stc.g.; in 

st.·tc I :.nd th •• oth~.or nin<. at· .r,<.:s in st:·t< II. Th•. circuits ( st:.: th~o cross 
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tion PX->115 or the dcc:!dt: wirin~ di: gr:.m PX-5-l))) vc so a.rrangocl tbat 

on.: st:.gt. i8 in st;,tc. I "'..ld ., puls.l is r.:~eciTcd it •ill go into st·~te II ::·lid 

~ next followin:; .t:..gc will go into .t~te I. Puleas th::t sto.p th .. r1Jig 11re 

~ativ!l Wid ·rs introduced m ~u th~ e·thod'"S or the tubes II. This pula.: tau 

· · ttle .. rr"et on tho st' g ... s in st·•t" II but e:·u.s .. s t~ et.~g>< in st,·,te 1 to p 

. ·.to st·.te n. AS this strge goes frCIII str.tc I to n th~: e·.arey-over eireuit 

-·-usas th'" n.oxt rou-ing st~~ to go into st:.o.te I. 'ftlc t'uet tflr.t this ~ 

:-cr pulse (thrcugh the; 50 lJI'. eond'"nsnr) •U1 tK; in ecmtl.iet witb the stepping 

·.ll.s;: "·PPli..:d to th· ·ertbo~ rcquir.;s C!r.;tul. d.Jsign to obt:·in ro3li:lble opcr~tion. 

·-,us 1 the. st .pping pulst. must be o1' pr .. eist. shc.pc ~nd durc<tion, 2nd tho.: e·. rJ7 

ver pula<: must ~vcr-ride it.. This is '-'CCOmplish .. d by putting the inc:oadng 

;:::uls.;s through ::. pulse .t:,nd:rdizcr (s;c suction 1.2.7.) und by Wling the 

proper circuit p~r.>actcrs in thil dee·.de ring circuit. 

The t1110 e. thode resistors for tu.tcs in st.t te I !lnd tub .. s in st:.te II 

r>r•; so chosen to P"rmit. :ml7 one mode or op~r:;.tion, n:•ucl71 one llt~e in st~te 

I r.nc:l the other nine st.: ges in st"t.e II. 

pthc.r ring eount.urs. There arc ·: mDber or other ring eount.~;~rs in 

tht. Yl'.rious units of the D."I."'C• :::..ss.:nti•.lly they ditr(.r tr:m thE dEc ~de riJtc 

counters only in th-~ numt:o;.r or st~·g·.s th<-;v cont:dn. .. list or the.., ring 

counters follows: 

a) The r~p.::•tcr ring. (S".: PX-5-115) The rc.pc~.tc:r ring is used in 

e;:,.ch ::ecumul.•.tor to cOWlt t~ numt:~r or timE:s a Jl'.rticuhr rcpe:.t progr:llll control 

opcr··tcs. This ring ,nd its pulse stand:rdiz~:r ·.re built in one plug-in unit. 

This s•.·mc plug-in unit is used in the Dividcr-Squerc. rootar for a different. 

P111'J108ol, ll(:e (d) bclGIIo 

b) Tho;. ezelir.g unit ring. (S.:;e PX-9-307) Th'-'r'- is :.. twenty .tag" 

ring eount~r in the C:fCling unit 10hieh controls wb·. t h~.pp~;ns during th..: benty 

pulse times ot ··n ~.ddition tia:. 
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e) The multiplier !:.i:!!&• (S.:e PX-6-)08) This rllag controls the 

~epa or lllll.tipllc:.tion. It consista of fourto::on stages, ten of which ve 

oei:!ted with the ten digits of the multiplier •hich T!1f>.7 b~ used ill llllllti-

- •.catillll. 

d) The divider-s!JII'n= rooter progr~m ring. (See PX-~~) This 

:1g controls the b~ginnllag and f'in--1. p:rts of the procusscs or divisian or 

-uarc rooting. It 1s a nine st:'!ge ring which with its puls" st;.rut;.:.rdizer 1s 

'cntical with the repe~t~r ring plug-in units. (s~e a) ~~~) 

e) The divider-squ-re root;?r place ring. (Scoe PX-lD-301.) '!'b1a 

"-:.n st:.g.; ring k<l.::ps tr;.ck of the pl-ec in the divisiCIIl or ~ rooting 

'!"'C<.Jss. This ring is identic• 1 od.tb the a!.stt.r progr:.l!l:lur dec:ad~ rin,ss 

(SE:e 1) l!clow). 

f) The function teble :.re.-:nt ring count,:.£!,. (S~oe PX-7-301.) 

These rings ('l units ring of tt-'11 st_g;s :nd r. tene ring of elev.::n stages) 

rcct::ive the :~gwlblnt tram :m Pc.,..,-.tar. 

g) The function table prol'l"~ ring. (St.e PX-7-.301.) This thirteen 

3t::oge 1"1ng co:ttrols the setting up of the function t::ble n.::tworks and counts 

~he IIUI:lbe;r or times (up to nina) thE> tuoction:U. ""luc: J:la7 b..: tr-...nsmitt.ed. 

b) Master progr' m"r do;c~cde rings. (See PX~-)04) There !Ire 

tw;;nt.~ dec~e rings locr.t~::d Oil tht. two p··nc;ls or the m:::.ster progr:aner. These 

C'lll be used to count the numtKr of tiJ:Ica certdn sequences of comput."'t.ions 

arc performed. 

i) !.l:·ster -progr::.rner stcpp<;r rWs. (S.:e PX~-)01.) There rze 

tt.n six st 'lge rings llllhich &re ~-.ssoci"otoo with the t.:n st.cppcrs or t.he master 

pntgr"Jlner. Thase control th" output or the progr·.m pulses giv<Jn out b7 t.he 

m-ater !)I'Ogr-. 

1.2.). G•,te Tubes. 

Besid .. s b•:ing :t:l" to count. ;.nd rt:cord puls"s :.t. high r··,tcs it is 

nc;cr,ssoory to control the puls-.s, nit.ching them into on.:; unit or ..nother. • :. 
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In order to do this ouickl,y, ~;lectronia switching is used, J. vaCUUIIl tuba 

used :.s !!. switch so as to < llow or d•:D,f p~.ss!'.ge of pula.:;s or other signU.e 
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is known :.s a. gate. Gatto tubes ::lre use!! in the ENL..C tor '-' Y·"riet7 ot control 

purposes, They connect th~ inout ch:!~~nt.ls or :·ny riven r.cCIIBUl.~tor to • 

pnrticul~ digit tr:.ys 111hen d!'sir.Jd, Th<-7 :.re us .. d in thtl c;;rr~•-over circuits 

to p~ss c,rr7 over pulses. E•ch progr?~g circuit cont~ins m~ g~te tubes. 

t!ost ot thr; g~ting 01' sa.itching in the ET~L•C is c:.cccaplislled b7 ttru 

usc or ~:~altlpla grid v:,cuum tub•-•· Vmous g:1tc tubu circuits are illu&trP.tod 

on m.- r;r~.m PY.-l-106, If there is no inrkt sign~ \.G cl.th<Jr control grid of 

th:; 1ptc tub., or PX-l-106, the second control grid is .::t ab,.ut -401r. This is 

\1'-ll bdov cut-orr tor thr.t grid (cut-orr is -14 volts tor 6&.7 with the first 

control grid. c:onnoe\ecl to the c::thod~). lioreov.:r, the first control grid is 

:;t -40 volts which is ""ll b<.low cut-orr (-7 volts ir s~.;cond control grid ill 

connected to th:; c·.thode), so th:. tube is not co-nducting ;::nd the potcntbl on 

thn output is ne:r ·-.16() v:>lts. If r.ny positivc sign:.l (of ~.bout 50 volts) 

n.rriv•>s on ;;ithcr control grid the tube •ill not conduct. Thus, a.rJ7 signu 

a.rriving on th!;; first input h:ls no effact. How~ver, it a signc:.l 'OI'rives 011 

both grids th~.; tub~ will conduct :nd the pl~t~ potential will drop. For 

t:X"'ilple, input 2 m:·y conn~.:ct to thf< pl·:tEo :>f ~n inv.:;rtur tube (so•-' section 

1,2.6.) which is n'lr.n:ll,y on. If this inv.,rtar tub" is conducting and thr. 

circuit p·•r3::"1t.ters :.1"(; prupr.rl,y arranged th" potlonti:.l of control grid 2 •ill 

be wC:ll t: ... low cut-:>!1' c.r:d ~-11,1 sicn·o.l ~riving on cc·ntrol grid l will not b" 

p::sscd, · ;}l,,n th•- inv..;rt.:.r is ->ff th" second control r,rid is :1t at:Oilt •20 volta 

· nd "'-n.v p-:>sit.iva sir,n<.l ~rrivi~ ::t the; first control grid \Jill b.: p·~ssed, 

Th<l r.:.sist:·nco: .nd volt;.;.gcs ·.nd ev.:n th·~ t1}lC: of tub" us .. d in ~~:~ting 

circuits vr·ric·s froM circuit to circuit tt.r,ughuut tho:; .ii.NI;..c. V'lri.ous 

situ:..tions .cr" illustr• t.:d on th.· cross sections or th-. units ot th.;; U."',.C. 

,. g••t·~ tube. "''-1 t~ c ·.ll"d :. c·:>incid .. nco:; tubcl, sine~: :\D output ~~rill 

bo obt:.in.:d onl:f if th•. siRn··ls · pplbd t:> th·. inputs on.: c.nd ho coincid~.: in 



time. Two ot.hcr t:rpcs of coincidence circuits used re~~pectbel7 1D t.be 

Punctian T"ble and the lol~.stLr Progr::Ar.~~~Cor art. illuatrro.tcd on PX-l-1.06. 
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ID t!1R case or the triplt. coincidence circuit r·ll three of the tubes 

l, 2, and 3 I!IWit go ott before the t•o control grids of the 807 (tube t.) 

are euttic1Lntl7 positb~ tor it to conduct. In the W:...st.;.r Progrr:JIIIlCr circuit 

1JD7 one of the tubes 21 3, 4 1 5, or 6 being on is sutticiomt to hold the RCCIIIIl 

control grid pot .. ntLl bela. cut-ott. Thus, th.:, g:.tu (tube l) "ill coadac:t. 

only when thcr.., is ;! positb•u s:i.pl31 on th- first input. ~:Dd Ul&: ti"r.l tub..1s 

(2, 3, 4, 5 &nd 6) 3re ott. 

Tht: positive g!'tc pot.:;ati1'la •hic:b. muat. be supplit.d to a g.:tt. tut:e 

tor switching purpos~s c~ be obt.' incd from the outputs of :. tlip..t1op (se11 

section 1.2 .1.). \11th the proper rcl::.tionship of suppl.7 ~lt••gus for the 

gnte tube and the tlip..tlop one of the outputs of tht: tlip-fiop lllllJ' be con­

nected directl7 to one of tht; control grids vf the g;,.te tube. Tb.o ettect 

obt:.ined is th:1t of a switch 10hidl may b.; opened or closed. &.t clesired times 

by pulses upplied to the S or R inputs ·of thO! flip..fiap. 

i..s & matter of policY the grids ~r;; drivo::n t, s-..turation who:a the 

tubes are on 1111d they 31''- thrt.c to tour times bcl0111 cut-off when ott. Tbis 

llll'l!llll the circuits are not ~.mplitude sensitive, that is, a considerable change 

in suppl7 potcnticl.s o:nd in tube conduct.,nce (due to ~) will n<4. etfoct. 

the reliability Jf oper:ti,n. Furthe11110r •. , to r:.void coincicknce problEIU 

pulses are newr used to g·•ta othi;r pulses; th't is, .·t le~:.st one grid of 

e gate tube is .1w~ operated by a gate voltage. 

1.2.1., Butter Tubes. 

:&12117 .lCC.·.sions arise ill which it is nccess .,ry to co~ap1u t .. o or more 

circuits, say, ;..1 B, C, etc., t:) an.lthcr circuit, X, s:~ th:.t :.ny one., sq A, 

C"n oper9te X with:>ut •Stccting th, ;;th<lrs, B, C, etc. This can be done b7 the 

usc ::.f buf'ft:r tub.:s cs illustr;.to..d ~n PX-1-107. It such ~. tub.: h:;.s its grid 

be1.lll cut-C~tr th.::n .ny ch: nge ill pl.ct~ pot~:nti.:U will not c .usc W17 disturboanco; 
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1D the p~ent.iala or tbl: ~ JF et:thocle d.rcuits. Thus. t• plates of 2. 

nlll!lber of sw:h t'llbc:s (zocpre8C:Ilting the circuits ;... B, c, etc.) ma7 be c::n-

nected tugethor t;, th;; iDput .Jf th" circuit X. It thE grid of lllll r;,f tbese 

·~ tabe• ftccins r:. p:'lsith·.. signal tha tub" will go on ca.using r.. ncge.tiw 

input sign:!l. to circuit X. This •ill c•use no disturb:mce 1D the grid p.Jtentbls 

of the tubes which do n'=lt gJ ;,n. On the ;:,tht:r h21ld no h~ is d;ne i1' c.:>re tbe.n 

one buffer tube goes :m. 

-. g;,od illustr~'ti:>n vf the ~'ction "lf buffer tubes is givo:~n .r1 t':le 

acCIIIINlot·ll' cross secti-.n PI~-ll5. Th<~re '1'.rc eil;ht cl"ar g:o.te butfcr:s 

(CL. G. B., tube 63) with the phtcs (C&r) all c:>nnr;cted to tb<> grid of m 

iDvertc.r tubt: (J50 in thL r.<te unit). Ir :-J17 :me of thc.sc buffers bcogins to 

C:Jnduct the p:>t-:ntial. on Lll tht. plat.Js .-nd '=In the. j!J'id . .,f J50 will fall. The 

oftl7 effect \dll l:<. th~t J50 •ill gv. orr. dth::Ut:h the grids >f these cleo:r 

g~•te buffers '-'J'C directl,y c-:,nm:ctcd t' the gate tubes 68 1D th;;: tra.!'lsceiwrs, 

thc.se g:-tt:s ;.re n >t disturbed 1D the: :Jth .. r sevc.n tr=-nsc~;iYCI'IIo 

.~ c:th.-d<: f·)ll~wer is illustr~ted '-'ft PX-1-107. The input >Jf this 

tube is connected t., the pl"t'! ~r ~..n inverter tube which is n.>ftlr.lJ,T oo. 

This h•.,lds the grid p~t:nti!·l 't th:: cath~d~; t-:.Uc:w~;r bel"' cu~. U e 

sign«l turns this inv..:rtcr tube -::rt th" grid Ylill risa t' ab.>ut 50 ~lts :!lid 

•ill rise in potcnti:~ .:tving ~ p··-sitiv.; :-utput. This riso: 1D potential is 

limited b7 the grid p~..t,, ntial. 

Thus, in th•~ cFsll .·:f "- C!!th1d<! f=>ll~·-r :> p .•sitin input gives c:. 

p·;sitivo output. 

1.2.6. Invert\:!' TUbes 

If :. p .. sitive pulse ">r I! ·t.:, r.othcr th~.n :, ncr; ··tiv.: ~ne, is ~{!uirc.d 

(in :.·rd;.:r t, .pllr:.t.: ,n:·.thcr ~!---t~ tube, f:;r CX"olllplt:), th .. n 1111 sdditi:-n:U tube 

must l:c ins~:;rt.Gd in th.:: circuit. This tub" is kn::•n ·.s t.n "ir.v.:rter". It is 
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n . .,nall.y conducting, and when a negatiYe p?tcntial 1e npplied to it.a gld, ao 

ae to biaa it to cut-ott, 1'1 p:>sitiwt! ch."~JICc in phte P'.lt.ential tako=a pl.ace. 

This may then be used to aper&tto ::tht•r tubes, n.m112I.q JWD-C .'lldueting 1D the 

dedred W81'· 

!he r.ll£ -at ~pta t.ube 1& tk.t. -~ \be lr.gical "&nd" while a ~~utter 

is sillilar t,., a l:lpcal 11 '>1'11 • .t.rrangaillcnts :!f inverters such as ill.uatrat.ecl 

on PJ:-1-1!)6 e.ls l c,rresp:~nda t:~ the 1t;Jgi.Ci!-~ "81111" • 

1.2.7. Pulse Stllndarlzer. 

It h!ls been menti<>ned thct 1n tho .>peratiDD ill a c.lllllter it. is 

necess!J"7 th:!t the input pulses have ·, certnn shape 3ftd magnitudCI. Dis­

tortion '>f pulses because of th.: cnp.mtance ;,f 1nterc.mneet1ng circuits and 

because :~t p~ssage through vouious ~ate tubes mr:ku it necessiii'.J' to use palae­

ata.nd~dizinc circuits e.t the c•;unter illput t1 secure roliabl.a operati:m. !118 

pulse str:.ndardizer circuit includes. a flip-tl:~p different fl';a tbat d1scuased 

1n 1.2.1. 1n th!'.t •me ?f ita statea ia .:1117 aead.-atable. 

After !1ft input. pulse has flipped the circuit, it will flip ll~ck t.> 

ita :~riginal st3te in a time determined b7 the circuit const~t• and practicallF 

independent :,f the input pulse. (See PJ.-]...110). 

The e:xpbm·ti-.n ;f this actbn ia as t.::l.l.::w• the ·~~u,;;a -,r ~· a6, 

Md a7 ~ such th·.t_when tube r3 b c:.-nducting, thE current t.hr.>Ugh R6 biutoa 

tube ~2 to cut·,ft. It r. rK-gativ" pula.; is e.pFlied t.: the input, T1 g.Joa At 

r.nd tube T2 is tvned -:.n,. and the v->lt~ ~t the pbte ,f tube T2 dr;;pa bee&UM 

'>f the current thr:;ugh a
4

• This v >lt~a dr:.p 1e trr.nsmitted t:1 tho= grid ct tuba 

r3 thr~ugh the cap;:.cit -:r c1, :..nd tube Tl is thereby cut. •tt. H.)W8ftl'1 this 

negative bias is gr:.clu&.l..q hat bec::use current then fl.J1118 thr.JUgh R5 t., the 

grid I'M th(; CS,~• .. cl.t .IJ' c
1

, thcref.,re at't.CI' '.: t~ WhiCh dt:pend8 )Jl thO pr·:duct 

alcl• tube T) is n·· l::mgcr bi'-"sed t·· cut-·-·ffJ 3nd as it be,P.na t' C..lndllCt, 

the tncre;:sc.d coJrr~:nt thrJ~ a
6 

begins t:; bi!ls tube T2 t.• c:ut-.,ft agQil, This 

ch;:.nge in tube r2 ru'cta -:·n tube r3, and the ~cti::n is acceltorated, tlippiD&; 
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ttw circuit b:.ck t·• its .riginal at;.te. 

Wb~on used t:~ supply pr.:JK=rl7 sbcped pulse t'' a c.IUIJter tld.s 

circuit includes a p•wt:r ·.utput tube, r • . . 4 
Specbl pulse standardizt:r. a ~::grr-.111 r.:l the speci~ pulae 

sta~dr·rdizer <.pp;;.:.rs on PX-l-110. Th.:. di.'t.gr!IIL aho- a swltch aD tiN inputa 

actu!lll7, thPra !:!ru three ,,f thuse circuits ell. Lc~ted in the c7dioc unit 

(aee Pl-9-307). ,,ncf tfK; rosptoctivo inputs c~111U tr:..a ("-) the initiating 

pulse switch ·)11 the lrJnt pPnel ,,f the initi1!ting unit, (b) tho reset. 

cam CJf the Iml punch, and (c) tr•:m the finish Cl'..lll :.t the 1111 ftader. 

If tho switch is cbsed the C ;nd"-nSer Cl will disch.".!rgc: tbr.JVgh 

the 4. 7K resist Jr. The tir.lc c .>nstant t •r th!..i disct.~..r~ng :actbn is slightl7 

a ;re; th2n 2 nd.lliscc .nds. Thus, the ••itch sh~'lll.d bl: cbs.:d f;;r a perbd .-r 
~t le:-st this m!<ll)' milist.c-;nds. ns the c-:ndenser disch£.r~es the grids .;f 

tube T1 dr 'P in p•">tentitl nnd th<! tube g;;;es -:.tt. 

:.tt~:r the switch is :~p•,.nlld th; tb c:.nst(•nt t-~r chlll"ging is abvut · 

50 miliscc-:nds. Th~rof.;r;::, it tht: switch -.ere ~d- ~!dll bet:JI'e the 

c 'ndenser ht.d recharged, th" tube T1 w.:.uld h~>ve n •. t b..,gnn t., c.lnduct again 

and ther.; w .uld be nJ .utput pulse th~ sc.c;,nd time. Tht: tir.l.: CJnstc.nts herv 

<.re purp···sol.y sbw ( c.;mpored t.:. the .. -sp .. cd ~r .- !X'r"ti .n •f the :t:ll:U.C) t•. prc'"'nt 

any chatt .ring :.f the c::ntt.cts :t the switch ( -•r · ·th<:r transient eoffects) tr·:-m 

c•.using m ;ro than <mto pulse t. • bod givan ::ut. 

••S tub.o T
1 

iPt.B .;tt its pl:.tr. p:.tentLl rises c~ing tdle T2 t.;. 

c ;nduct. Tht: flip-tlop "cti :n •:.t tub;,s T2 '.nd T3 gives (t no.cc:tiv.; pulse to 

th£: C-'ndenscr _c
2 

C!usinr the tube T4 t' g' ,ff. \·lhet!;ur T2 r~ :.tt Jr 

n·.t. (it will rem!tin ,ff £·& 1-'ne as tht: s•itch is cls"d.) the grid .1f 14 will 

chc·.rgc up thr >Uf:h the 18a< resist rs c~usinr th.: tube t.· c-.nduct again. The 

tb: th:,t tube T 
4 

is ,_,ff is, th<:rt~f ·re, indcp.:nd•.nt --t th" lt:r~t,--th .:.t ti.lllc thrt 

th·: switch m'!k.:.s c·mtr.ct. NJto! th~t rel£:'·11~ th<; switch c:.us ... s T2 t~ g .. ott 
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giving a p·Jsitive si~nal til..r -oUCh the c-ndcnser t,,., the grid .4 Tit. SlDce T
4 

18 a1J't;l!.d,y c.:>nducting this p:·siti~ pulae t.c·s n" t.ttect.. 

1.2.8. Tr&nsmitt.er 

PX-1-108 sh.Jws t.hc de;t<dla -:.t E. t.r.iliSI:Iit.ter circuit. Bec.:.uae ~ 

the 1hrge c':p::-.citrne.;s ass )ch.t.cd wit.!:l t.he interc:;nnecti:-n circuits, sua1a 

loS digit. tr:!ys, pr·Jgram tr:qs, ;,ad p::..tc:h c~rds, it is neeessU7 to use pa.er 

tubes w:,rldng int:. rel..ctbel.T 1=-• l:l..d n:sist,.:nces ill :ll'dur t:; tran•tt­

pulscs rr· .m ;:nr-: unit to 1.:11ot.ber FJ. tha r..t.e :Jt 100,000 pulsc:s per soc:llld. 

Th.~se pulst:il' are pJsitift in .:;rr-r t ' .:>perote (;Ctc tubas ~d butter tubes 

iD tht: l!ccm;n•lat.TS. The diagram r.t PI-1-108 illustretu the meth:>d .Jt 

Tht:~ :;utput, or tr~nmittcr, tubes h:1ve a. l·1w resistance in the 

C'lth·:~c circuit, 220 ohms. 'nds 1·-:•d ro;sirl;~nce is l:·c~ted in ll br.d box tnd 

is plugg"d into a S'lcket ill t.h.: di~it "Jr pr~·gr~ trunk into which the qallh'i 

mitter output·.is ted. ·. The ·lo~d; resistance c:m1ot. be c:..onected ;po~eotl7 ~ t.;~ .. 

ti"ns ,m;.d! .. :'n .. t~;;_!r.Jnt pend st;ver:..l. t.r!!ZlSmitter tubes f!ll:l.7 totJd int.J the 

saoe linu •.. -Thus; just on(; li!:.d b;,x must be p~d:·int.,.a•c~ dig:l.t~Md ~e.ch 

-:: ! ... . - . :_ . ·c . · :·. •• c ~ :·::· .":.! ~ , ... ,~.c:·. 

:ml7 b:rdriving tht.· .. grids t. ttotl:M: .Jutput. tubcscp:::;itiv.:. :'lfith rtJJpoiiC~ tQ, 
. 

t.heir c.::.thodes~ In ordt:r tn 5:J«; tho; Jutput. puls" .;:mplitudo st.;;ble, t the: grid 

muat· ba autticicnt.lr p:>siti"te s:>· •·• 't:l_.n;;,.ch the .s<•tur~.tbn curnnt r,r tbe 

tubt ... Conaid.cl"ab1e grid. current •ill thea ne~o, !llld. it is n.-.ceas~ to pro­

vide an·)thn tube; lapwn .u t.h€l driY<jr·tub<>, c:.pa.ble :.Jt. naint.<dnint; the re­

quired grid ·p·.,tont.ill-1 und'.lr tbes~ .c •nditi ;ns. The driver tube 1a · ::J.ctuc.l.l.7 

a 1r.1:1.ller power tube. It is n .rr.:'ll7 c:r.dllct~, · !lnd. ii cut '.:Itt· by a neg::ti:ve 

pulse rinput 't J .its' gJ:id~ .. . . 
. ' . • ... . \i ·• . . 0 : - : . - .:-.. ... ,. : . 
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When a sig111l !'rrins at tho= driving tube tht; grid drlJIB fr.a 

c.b.'l\lt -105 v:~lts to !:ppr•·xim:.tel7 -165 V?lts. This causes thto driver tube t.) 

g:; ·~ff raising the grid putent.hl 'Jf the tr3.Dscdttv tubes. ,..s the trana­

mtters ·go llll the c:..thode p.::tentbJ. rfisu t,:, ':})'Jilt 45 V•>ltso 

The digit output.s .,r the divider tnd multiplier do n:lt hl.W str.nducl 

trUMmtters. The7 have inverter tubes with built in lu:.d resistances. Thus, 

the lines thut these tubes feed int" JIIIISt. ~t. bave l.oto.cl ~a allcl ~~ nliable 

~perati:m tho pulses sh,,uld n.,t be ft:d int:J a tranSIIIissi;:,n s78tta exceedinc 

t(, loadin?, rules st:1ted in the .:>perator' s J:lllllllal.. 

1.2.9. Receiver Plug-In Unit• 

The wiring det~ils ~r a rec~ivcr appc~r on the ~c~t.,r cr.,ss 

section '(PX-5-115 whil" a bbck disgr:~~~~ r<;pr~:sent~ti~n .. r the receiver 

cppe:.rs ::on Pl-5-304 ( '"CCWJulJ..t >r bbck di: cr:.a). For :.. dut;.il wiring diagrilll 

:Jf a receiver plug-in unit the re::der is refernd t:.• PX-5-US. 

The inc.:>ming signal arriv.Js at P. buffer (tube 66) tn&m1ng it oa.. 

This causes a dr;:,p in thu plate p~tenti!l1 th~t is, this tube. inverts the 

sign&!. The neg.;.tive ·>utput of this buffer is used to st.-t the flip-ficp (64, 

65 sa:y). The p·jsitive (th:-.t is, p.1sitive !'.fter initial clearing) output cf 

the flip-flop feeds int-; Ytb:·t is cillcd r. fast buffer ·.•utput (62 ;nd 6.3). This 

is an inverter ( 62) ">JICI'"ting ,_ ct<th .>dr: r-,ll:~w.:;r ( 6.3). The inverter b n;;rmall.7 

:>n. \"!ben the flip.;fbp is sot th€. decre·.sc in petcntia.l ~-n th.: ..;utput turns the 

inverter .Jff and the cr,tt-, ... dc f;;ll·.wer .,n. This .:.ives !!. p ... sitive g::.te on thE: . 
output. Th~: n~·rm:•lly ncg.:·tiv" output ;,f th-. flip-flop ;;.>ea to a buffer tube 

( 62) forming what is c:·l.le;d t.h.:: sl.Jw butter -,utput. Th'- til!le c.mst.ant f:ll' 

this output. is much longf:l" t.hllll that. .,r the SJ c.·lled fast buff~<r :.>utputa 

this explains tht> t.~min·Jl,lg;y. 

Th-. neg<.tive .-ut.put ,,f th~o flip-flop ~.J.s..> goes to the grid ~r s 

gate tube (61). Wh·"n th~o tlip-flc'P is set this ~:>.t.c c:.n p~s• a reset signal 

c~in£ the flip-fl::.p to r<;&et. In th= cr.&IO ::f recdvers used in the aecumu-
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lat<Jrs the "thor grid ;,f this gate ia ccnn.:ctod t::~ the central pr~gr• 

pulse (CPP) line. Since tho set sign'!.l. is usu~ll7 ~ CPP g&ted at soaae other 

'llllit ,,f the ENIM: the recai'ftl' wW at~ t:~ C'lllle on ~t. r.b"ut. pulae tilE 17 

( ·ll' slightq lAter depending upon th;; ~ CO)nst::nta -.r the intorYening path) 

c:.t one additi:m thlo. at pulse time 17 of t~ noxt addit.ic.a Ume \be ~ 

g:1te (the time constants &N such th~t this does not open iD time t:~ pass 

" resetting CPP which would c·JI\f'li.ct with the setting program pube) pus ~ 

CPP which resets the flip-flop. Thus, the recei.., .. r is -on f.:>r one additiaD 

ti!:ae. In '>ther \lldt.s (in pr:rticulr:.r, in the divider and multipli.er) the 

rt:set pulse passes thr:.-ugh other gutes which Ulow the receiver to rcmaiD 

'jD aorc than one addition time. 

1.2.1B. Transceiver Plug-in Unit. 

·•• with the receiver th~.t "irin.: det.:ils .:;f a tr:msc"ber appeu {.4l 

the r.cc:w:IUl~t"r cross section PI-5-llS and ;:. bl::~ck diagr.;,m roprescntt.tiDD 

appeU's un th.l acc~tor blcck diar~~ PI-.5-)01.. Fur r. detcil"d 111iring 

diagro;m "f <- trr..nsc_.i..,er the reador is r&fcrr.:d to PI-5-147. 

AIS fi\r !iS tho f~st buffer mtput. is C.:>DCt:med the tr&.nsCCi'fer is 

id"ntical. with a recoiv.:r. On the n-:.rN-117 ncg~tive ·;utput ;jf the flip-tl;lp 

an: two butters (61) .;vins tli<J sl;;-• butter .-::utputs. This line also tudds r. 

r.:sct g~tc (62) • The ... utput of the r.::sc.t l:ito3 g"u thr;;ugh an invorter (65) 

t') tw•.> lii'JI'e butter "utputs (6.3) !U1d t.> a g··.t:= (68) which p:;.ssca a CPP. Tho 

CPP p:>.ssed b;y this gr.tc n;Sc'tS tho; nip-fhp :;ond ec:-cs thr,)~h ~ tr&nsmitter. 

The usuu a:">dc; of -,~rr·.ti)n is as t-;ll011So ..n inc•;r.d.n,g program 

pulse gm:s thr:-·~h a butter (69) =me:! sets the flip-flop. Th;, g-l.tes provided 

b7 the f:>.st t.nd slow butter •Jutputs !ll't: used t) c:.-use the unit to perfJnR a 

c.;rtain t~sk. \';ben the task is finished & si;;n~-1 arrives ~t th;: r,:~.te -:lpened 

't7 the n:>nu.'lll;y nec'ltive (n•.;w positive) output c,f thto flip-flop. The gate 

passes this sign:1l turning ;;,f£ r.n inverte:r ,~ivirl{; tw·• m•:re :~~~tput gate signals 
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and :openillg an-->ther gat" t" paas a CPP. 'l'llis CPP resets the: ~flop liiUl 

is trun:snittecl ( Yia cablt:s :mel prosr:-.:a ti"WWIr.) t., SIZHI :.ther aait t~ progr<'a tbe 

Jll•xt. st.cp in the C'lllputt>tion. Tht: del::.~ butters (6)) blmish g;;.t.e aiph 

which m7 perform. the f1D::.1 p;orta 'r an <•per;,.ti:ln 1111ch as the cua .,f an 

~ 

l.l. BIDat .~'D CJ(QSS SECllCII DL f11:.t.-s. 

em oters II to X are ~ted tc c!o>script.i :liUI .-,r tbc "nri :JUa units 

of the EHL.C. The cleacripti;>DS A the units 11ill, 1a general, be giftD 1a 

t.:r.:us 'lf bl.lck di:Jgr'\.':IS and cr~ss secticn di!!er~. .. bl-:>ck cliagrnm. use• 

circles lond rect!!ngles t.:- represent ftri:~US electronic devices, and has the 

f-:.11 .111ing purposes: 

1) t~ aiel in unclFOrst~ the Ym-::us circuits and their ~r~ti.JD 

wi.th-:>ut going iat.J det.;;ila. 

2) t·J en:~ble peaplo 'ld.tb c:;!llpllt.ti:m~ pr-:.blcos to unclerstnncl tbe 

~.c sufficientl.7 (irre~ctbt: -:.£ their electronic backgruund) 

sn as to &dapt their pr~bleos to it. 

l) to assist the llidnt"'n<.nce DO.J1 in finding ~:~ech:;.nical unci ulectrical 

f:d.l.urcs. 

Cr··ss secti.-:.n diagr::-JJS give t;)'Jiic::l. circuits in ill det~.U, that is, all 

resi.&t...lrs, condensers, induct::nces, tubes, :oll. Y?lt.q;es, ct. c;:t.ora., are given. 

It a unit c.·.nt.:dns =7 circuits 'lid.cb :!Za pr·.cticr-117 identical, <)nl7 one 

~JIPE"ZS ,,n the cr·Jss secti·m. The cross secti:ALS hr~ve tho to11.-wing purposes• 

l) t.J en.o.ble: the pers •n with =n electronic b~ckgr-lWlcl t.J undcrstl!nd 

in clet.Ul h·JW t!Jo l.liiM: :~~ea. 

2) to assist tht: semcc u'!D in oc,'Jdng pr.:.pcr J'(;pl.o.ctlmtorlts of plirts • 

... .-. gcn•.rr·l practice in t.h.: t:-11 'wing ch~ptcrs, pr::.gral:llling details 

(switch sctt1nr,s •~r~d plur.ein~ ._,f int.crC-'DDect· rs) •ill be described ~·1117 to the 

extent ro.-quired t:. underst:.nd tho circuits. F.,r a•re dt.t~.:.il.:cl pr.:>~III!Eiing and 
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ill.llstl"lti'R ·set-ups the ruder is referred to the corrcspoadiltg cbapt.v 

l!l1d sectio1111 ?f part. I of thla raporto. 

As st.lllldarcl precticc nn all black di•·ge.ca the fc.ll£111111c ~-­

will be foll111ed: 

1) Broken lines indic:~te pulse c:.ITJiag lines wb11c s:Jlid .liDBa 

CiiD'J' &3Ua• 

2) Tubes ( euept for st.:lgcs of rings and pulse st.!.lld'll'disers) wbicta 

arc ll:m1al.1T c:mducting are sh~ded, ~hera n:lt. 'ftle 11ord •nonml­

l.)o• here means inncdint~;~l.)o l.ftcr initial.l.T clearing, or 1a tbe 

cast; of the c;rclin,~ wdt, the situatica which exists wbtm the 

ring is at st.e.L!" aero ~d n:> pulac is cOI!IiDg tr.a tbe 

•Jacillat:JI'. 

3) Plll(;-in wdta will be represented b7 rect,.;nglos witb twav 

bdera. 

·, 

• '· '· 
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II. INITL..TDiG Uril'l 

i'he 1nitia"tin.:; u::1it, ;;.s ti.z Dllllle b::;lies. coutaius t!ae CODtrlrlw 

which &t<O!'t IIJid at oe ( tiiZ'n on and tiiZ'n ott the pser) t11a ElfL.c, 'l'hue 

1s a puilh bu.tto:1 on ':.he initbtinr; unit tront ~~ (see P%-9-302) whiob 

initially clears __ the .C:;;'L.;C, tha-:; is, it cbars all d:cade1r to tbelr 

ate.;,.e on<">, &.nd rrob"= controls to thoir ~mac-';iv-.. t:;.d at<.tc, a.'ld so tarth. 

locz.to.d 0:1 this po:.ncl. From thcao controls pro;;rau pus~ cc.u c:~.wsc the 

in ct.r..:~.in ::.ccuaulo..tora :;.nd. JOB&ibl~- Boll!-:. :Lc:..::ca oi: t:r.~ :::.st .r pro:;r;.:mcr, 

n~\7 c.:.rll. '"'h:~1 th. cu-d r~ •. .:!1~~& is tinisll e =i aa int~rlock s iJ!;:.l h;::.a 

In I:!Anua.l O:;MJr;:.tiO<l, by the push button, no i:lurlock .oi~ is 0111e:led, 

LikeTiise, vlhen the print&r relays have set ~t the i)e,;in.,int; ot the card 

punc41Jii; cycle a pro . .;ra.1 pulse. is obt~ro.iniid irr:c a t.:.rcinal em the front 

r,ancl (to;.r;::inal p
0
). i'h.:;so;. puls;.s cz.n be. cz.rrit.d ov-:.r lbc.s ~ a 

pro .. .raa trunk to aOi:!c oth.r u."1it of' t:.c :<;i;L.C. ca.us i!J.G CillO(; c.th;r OP'ra-

1s Ci.ll::.i :~.n L,iti.:.ti~ ?UlEe; (c.t t .. rci:l:-.1 I ) ;;!l:.t C::.D b-. used &1.:11:-.r---
'l'h ... rc -.r- s 1lt 
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prou= input :md Cllltput tOll'l"..in::ls ( cl c.nd co OD P:t-9-302) QII&OC:i~t-.4 with 

six tr;:nscciv;;rs which tr=.o'l&:lit th-. sc.l~ctiv~. cl~.;~.r '-"tc ovor the c;,cUnc 

IDlit trunk. Thb s,·l~ct1vc. cl.::.r &<"-tc (SCG) iJ;Ocs to c.::.cb of tb-. ~nt:v 

:;.-;cu::.ulc.tors =d c:.u:ocs tho:;c •~ilich <:.r~ so s;;t (s.;t to sol ... ctiv;. cl:.CII') 

to ch.,:z. Th<-r:; is anoth.:r pwsh button \7h1ch sh~mts out the door switcho;a 

r.nd ::.llows tM. t:. I.,.C to be op-r::.t~d ·:rith th-. door:: of som.: of th:; llDite 

off, this is C:.ll.:d th~ door S~litcil ::l!yD$. 

The. rouo-.ring d;:scriptiOIIS will b:: E;ht.D in t.;rlils ·or d1c:f.rcma 

P:z;..l-101 (Pow~r :::nd control '!tirinr; tor tile i>i!I.-.C) :.nd P:t-9-307 (C,CliD& 

unit :::nd 1n1t1::.t1Dg ~mit block lli::.u=). The ri&Jlt h::ll.d portian ot 

?:t-9-307 ahcr.7s tbc. circuits loc:..tc.d eit!lcr 1D t~ 1n1t1:.ting llDlt Dr Oil 

the ST1itc:1ing .:nd !'UBc p:.za:.ls, The lett h:.1.ml :.;ortio01 sho-•111 the circuits 

ot thO:. c;tel1Dg IL,lt, 

2,1,1 i:orm::.l Initi~.l CC!:)ditlcDf 

The norm::.l :;t,.tc with th~ t::!L.:: turn-.d orr is to h<..~ r-.l:lya 

C ::nd it (s.c. th,;. simpliti. d ccntrol circuit:; an up,cr ri.;;ht corn.;r of 

FX..l-101 or s .c. th;. lD'.1...r rit;ht h..n:i. cornc:r or P.._9-307) . .ctiv .. t.-4, 

In s .ric.s with rcl.y C :;.rc. 46 door r::·1itcbo:.s (shunted out bJ 

th.: C:.oor switch :;lumt - s;:.:. p;:.-9-302), :.nd '3 thcr.,o:;t~.t::. It :;.n:v Cll1c. 

ot thc.:;c 89 cont-ct:; 1:: open then r~l.:.y C ·;:-ill b~ llDc.ct iv:.tcd, :.nd, u 

.;x;:~l:.inc.d 'b;.lcx1, thiG ~:~:k~.;s it 1=-poscibl .. tc turn the. EliL.C on. Tile 

th"ruor;t:.ts ;z-. loc•.t..cO in the tops of th-. v.ziou:; U.'lits v1hich cont:.iD 

v:.cuw: tubc.s, It th·~ t011paraturc or ~:v en.; of tbc.ac ~mite .rt.ool ::.11090 

115° tho corros;;»n:liolg th;.rmost;.t cont-ct ,7111 op.;n :.nd turn tho EiiL.C 
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ott or prc'Vtlnt it f'roo b.;,i1J6 tarn-.d on (until tM unit cools dOWD), '1bcn 

tJw doors U'C ort Of' the ";acks of th.: VLI'iOUS U.."litS a person is exposed 

to volt...;;e ditfere.ncea =o~mting to u much u 1500 volts. Eaoh such clow 

apen.te6. a. ~low s.-;it.:h whk:h -:ill. ~5. rtol;..l' C to clrop Qllt; <IIAleu 1;ba 

door &':litc.h alumt 1a opr.ro.ta.d.) 

;lhen rel .. y Cj. drops ov.t ~bo P tilll~r atu-ts (this tilller •ay 'H 

aet to run rrCiii. 0 to 15 ainute& b~tore it closes its contact P1), 

Juri?lf; ~e Fericd th£.t tlu. timer i& run:.ing;,.;;;. bell will rill& to incl1co.ta 

th:.t this t:lm~r ill ~bout to tarn th~ EillAC ott (it it has bven turned on), 

This turn in;; err is ~ccccpl:!.&ll:.~ by pcnini> con'A:.ct P 
1 

,mich opens the 

ht:~ldiit;; circuit cr ti1c L.taxili.:.r:y r•.h.y ;., This Sa turn ce.11:.-Bs £.11 the 

cont;;.ctors <-Acl C'!lrt •. i:ll ··-IIXilU.r:y r<'l&:.os '~a dro? cut ah11tiDt; ott all pO\-..r 

(d-e .. n! heat!!r) to t!lc,; !::iUC, 

Thus, it a th~rmcstat CP&nll th.c circuit, or it tll:l back CoYer :ts. 

r:·movlld ap .. ning .. Lor _awitcr. ('<llan th• ~ocr switch shunt is not opar..;.te4) 

th" P ti:;;r sto.:-t&, r. 'bo.ll rin;s, <.nd .~t th• end cot the p&riod (0 to lS 

mi:lut;.:;). .::11 poot&r is .shut ;:i:f tr= til,. ::!iiAC, This time i11tarvcl. .;ives 

th: .:p~r·.tor tim~ to p:rh:..ps corr;.ct th~ fault (fwr ;.xw:~plal clwck the· 

v .. ntilati:n s;vsto.l.l) b~tor& tl&:t pow'!r Go~s off, This system is clesigneil 

t.:o r.1inia:.ize th;, nWDbior or t1L1ea tho:! hu.ters r.re turn"d ott :.nd on siDDe 

this turning e-tf t.ni on hl..:l b••n fou.."ld to c;.us~> nWiiGroll3 tube railv•• 

(btarnad o11t he~tar:; •.nd haE.tar-CM..thccl.e shorts), 

The nli.y u h.-.s in &eriea nth it the pcwer·supply hotat•r p!lae 

failure nl.i.ys (3 rel~;,-s). t:1e fO""-r su::>ply p61ast tailur& r•lays (3 nl{.ys) 1 

;.nd the llJid;,r ycl t..£• rel&:.se rlll;..y;; ( 28 r&lays) 1 All th&G'- contacts =-ra 

cpun .Z1en th.io po ·.ur is ~rr 1 thu:: 1 r. ccnt •. ct on r•l&o:f It (cc;ltc:..ct K2) shunts 

th~se circuit' ~1til relay ~ i~ ~eti·~.t~d. Sincd rw!Ay I 1g not •cti9ate4 
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untU c. minute t.nc1 ttm nc••nds t.i'ter th6 start button 1a opu.-.t.e4 cr tGa 

sec:.>nds d'ter th• d-e li!~ C.-~ "'D• this dlcr.; t:l;; UDdu voltaG• 

. 1:h"" is no und,;.rvolt~~:: .;r pi.l;..se tr.ilv• prot?ctic::n durL,.:; thia to 

sec.:nd ID.tcrval. It there 1s an undervolta;;e (bocause of failure 1D acae 

pcro~~~r BU;:?pl:y) or a ~hue failure, then cmc ot t:1eso ro:la)'& \Till drop out 

(or not be !licke-d up ·.c'h;.n t.\G CD.chine is startol4) &DCl tm r.ala.:y R ·.dll 

th" d-e to th<. ::::z • ..c. This lo.:~.~s all thc. h.:.•t"r yolt~:;cs on but tu.-ns 

ott tho: d-e. 

2.1.2 Cocpl~t~ Starting Se~ueuco 

(1) Push :otut pusi1 button (em illitiat~ uit front P='ol• PJ-9-302). 

Relay ;. ia activ ... to:d (assWII~ rcl&y C 1s activated),_ 

Co:1tactor D is :o.ctiv;:a.tod by ;;. cont:.ct 0::1. rel•7 A. This turns 

on th.;. EliL-.C hoil.t.;r:; pickin[;; up the. il-ator pbue fr.ilure rcl~s (6 rsla;Ys). 

P.•lay ;, is nl7i: :u.ld by cnnt.~ct:; P
1 

:-.nd s 1• Coilt;;.ctor B is :.eld b)' 

cont~cts Al ~d B1• 

The st;;.rt pilot ( c.r.:bc-.r li!;ht cb L,iti;..tillr; unit front pt.D8l) llllll 

tba po-::er :oupply t·~., r•cori;;r (on 1nit1~ti:l;r; u.,it tront p.::.n.:l, t<.·lls 

tot:;.l til:lf. t:1::.t -:;;1:- .,o-:rc.r sun't!lv h:;;.t~r.: ~v;. b"ei.l cm) ::.re turned on 'b)' c ..... 

cont:.ct .a., 0:1 r.;l;.y A. It ;;.J.lY d-e fuc;;s ;.ro; ';,)lo- . ., t:u-n c. circuit throucb 

cont.,.ct A, and ~ cont~r.t on one of the d-e tus~ r~l;;.y~ c•uye:; rGl~)' L 

to pick up. Thi~ "ould pr ... V·?nt tn.) d-e po·.:'1r fr:n bein& turnc.cl on by 

prav-.. ntin; conto.ctor G trcxa lx:ing activ-~tad. It G..'l)' of th• p01·1ur suppl)' 
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tilem.:nt tuse:; .:.rio lllown t~c. rel.:y =! \7111 pick up t~nd hold on cont;:.ct Qe• 

Cont~.ctor £ 1G picked up by IUIILt~c.t ~ - ~-~ .0. ftlb 

:;uppli.,:; pOIJ8r to the fUJ:: 1D. the Y.;;nUl.:..tln& cyna. 

::cr.tto..t:tor D 1:. '1ckcod up by cont.s.ct E
1 

on contactor i (•n111111n1 

~~ nb.y ~ 1;; lnactiv~to:l). Thl:i turni;;h~d poWiir to th:: pOWt.r suppl:v 

he::.tera. 

Th:; on~i11ut.:. timer F i:; st.:.rt•d 'by c. cont.:.ct D
1 

on cont;.ct:•.( 

il provid·.:.d h:.-.t:r phr;.S: f!>ilurt. rcl:.ys h::.vc. piclcc.d up. T;;u tii:li;r ru."lll 

tor on:. i:!inutc a.."ld ti;.;.n tho.;. con .. ~.ct le.";)cll.od F1 1a cloccd, 'l'hu cont::.ct 

r:m::.i11s clos~d ~.c long c..s pcmt.r is ::.pplicd to the. tirol.;r, th::.t 1111, :\11 long 

~.s cont;.ctor D is .>ctiv,.t;.d, "lh:ncv r pcr.t~;r is rc.::~ovc.d th~ conte.cta opOD 

~.n:l th~ tim~r roE:.ts itself, 

Aft.:.r on< lil.1ill!ts th.. po ... ~.:.r ::u~ply contr.ctor G is pick~d up by 

the titl.,r ccnt .. ct r1 (~.s:;ming r~lc.y L 1~ not -:·.cti~t:<d), 'r.lls cont<~ct 

furniah~s p~J.:.r to the. pl~t::s of tb.:. r~ct1fi.:.rs 1n tba p~r &U?PlY .n4 

thus turnish;aa d-e ~art .. r to tru. !:E LC. 

· R~>l·.~"'l :a ':.lld 1.: .nd tho tOJ."l •·~cc.;1d. ti;~ .• r J ar .. pick•d up by 

c:on·t •• ct c
1 

en cont •. c·i;or G, Tho:: initLl clc.. .r r .. lay 1io. l (<!) op ... r:.t.-.a 

c:.;.rt:.in rd: ya i.'l the. initi~t1<1g IL"lit ~tllich ~ro;iu:;G th .. bitit.l ::l~•.r gc:.tr. 

( ICG) (&c.; s .. ctica 2.1.2). T::ao 14 un:icrvolt .. .;c:. rclc•.s~ pic!:-up r!!l:.:vs :. 

shu.nt the r;.sictr.r.:;.:.;;; i;1 ::<..ri.:.s \tith tllu c:oilc of tll.:. ll;ldervolt .. so 

r-;l.;r.::; ral.,ys. Si;lC$ th;;. clro~out point for <. rd •. ~· 1;:; co.:u:itierllbly b:o­

lcm the pic"-up p;,i!lt t:::. ra5 bt,.r.c.u; in csr1ii-O: •:tit:• tll~ c:oilc ::.rs 

~.::.jllst:.d ::c> tll•.t '· s;~o.ll ::.rc>p ill v:olts.;:c fr01:1 ~n" oi' th" :•ow.r SUp;?l1.s 

~l1ll c·.u~.~ th.e r.~l· y to t;r?p out &.n1 thus ::hut •.rr -;h~ d-e !lc;,!.;.r ('by ra-

.. 
·'· • ~ J 

•• ... 
I 

~· 

., 

.. 
'·. 
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I 

i 
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hit;h tor these rela)'B to be picked up bJ the volta~ t'I'Ciill the ~r suppllu. 

Thus. tor a per iocl or ten seconds (during the rUD.,s.,, ot the ~ 'M ' 

tSIIIer) the relc.7s 1,; cause these resista.ncea to ~ shunte4 witll aaller 

resistancss to e~~le the rela)'B to ptek-..,_ 

Ton seconds latn. tbo can'"..act .J1 close~ o:za the ten socond tiiiiDr. 

This cauus relq I. to pick up. l.:.l&.y I holds on a c1rc,.1t throup 

cctacta G1 • r.:1 • and tllo illitis.l cloar piiSh button. ·.'lllc;n relay X 1s 

activated. contact I .opons. rclcasin& ~olays ~and ~. and allowln& tho ••• 
Contact It 

1 
opc.ns &!J:;>lyiug tD,c;; phase taUur"' &D4 IIDilcr 

voltas;c protection ( sine•• relay ;; is also rclC£.S-cl). Contact I closoa 
·~ 

tu.rnin~; on th;: r.:ad7 pilot (:5J'r..~n li&'1t on initi&'tlni; unit l'ancl). 

The bl'c-.n light in.Ucc.t.:.s that. the pncr is on and that tho 

r~ad7 to st.:.rt coEputation:~. 

2.1.3 Th~ d-e oft S;;gu~ 

Push the. cl-c stop b11tton. This c~c:; rcla7 L to b" acthat::d. 

a~l;:.y L r;:maina ;:.cthc.tc.:.d b7 circuit t;uouiJ! d-e atoU"t b11tton mci hol41DC 

contact L2 • Cont~ct L
1 

opens dropping co:t~tar G. This shuts ott t~ 

pl:;.~ supply to t~1-. pOI'l>lr sup,ly ..... ,d thu~ &~ut:: ott the d-e to the EIIIAC. 

Contc.ct G
1 

opens dropp1~ r;l~y K (thi: puts t~ initi~l clo~r circuits 

into th.;.ir nor=l bitl.:.l at:.te). 

It c. cl-c rus.;. blowa. on~ ot th:: 1!-e fuse ro:l~y.~ will plek up. 

Thill ~·rill :u:tivc.to r.-1:..)' L ..:.n:t h-v·; th.;. s;.z:c; -.ftc;ct .:.s pushin& th:. cl-c 

st:~p button. It tlh 'VOlt::.g:;. from ~y on:. of t:oc ... ;.riou:; r·O'·'I(.r sup,ll.s 

is su'bnorm:.l
0 

on.; ot th,; u.'ld-rvolt;..&c r.;l;.~: rc;l;;.ys Tlill :lrop out. It 

th~re is :. ph .• ;c t::.ilaro 111 tl1.; volt:.Gc to .:.1~-r the Z:!I.,C hc.at:::n or to 
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drop out. In any ot' t.'l&cc: lc.st CC:.&;;:: r<!.l;;.y ;:: will drop out clo:; 1ng the 

co::~t;.ct r.1• 1'll1:1. ::.g;;.b. ~ thc: ~>;;.-:c; e!:!' .. ct ~ puahiJlG ~ 11..4 &tap-

the d-e st;;..rt mel atop but~oM .-..ni -"""7·.at r.nyona from turnin6 on thi. ci.-c 

wnil~ &llllleon& ill ~.ol!::lnf> Clll th-... ~:~:..ch~. 

thr._:; pown au~ly l:l.i.;;.t-.r tuze rrol;;.]S vill opo:rz.tc. This -:lill pick up 

Twr CO!l't.io.Ct F "<7111 Opio::!. ::inc~ c;o::r.tu;t Dl hu OlKn~d de.:onerghing timer 

? • il!ld h:mce th~r pl::.te :;u,pl~· ~ou;::. co;:U..ctor G \'/ill ~.bo be. turn6Cl ott'). 

t.k;,n by -Jp:min~; :;..t~ty :Usc' ;m.::t ~tch u:1ic6~ h~.s be.;n provlchd. It 

th~ li:'.t';;ty disco.1ru.ct :;;ritch 1:; ~~i. it l!lll:it ile :.z;.cin clc:>.od llat'ore 

2.1., The d-e on Sc:.gu~ 

Pu::h th:. d-e ~>t . .rt but• .... ~iii c;,.~_;; r:.l,;y L to drop out. 

1h:-. ci-c c;;;llt·-.ctor C 1:1 ~i::lt..:i. up by '- circ~£it throu&-'1 c ~nt:.cts F1 =.nd ~. 

' '. 

,, 

., 

. ' 
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Thoo rest ot th..;~ uqu .. nce i:s &X<>.ctly like the lA:>t !MI't .,r the seq1111nc:e 

dbscri~d ~bova (a5e Section 2.1,2), 

It t.'le powr :oupply "-C :..ml d-e bali b.;e,n turn*d :>tt tra e. 

. h.:r:.t.;;r f11se tdlure, plllihi•tg tiw d-e st.:.rt butt ~n nUl t11.m it em 511lca 

r"lc.:V ~ ,.,ill be rd.,~.sed psro;ittin.; ccntc.ctor D t" piclc-up t!lroup ~1• 

T.lCI res~ -;t the s..-qu.onc~> is .. xu:tly like th10 lr.st l'BZ"t ol tha seq1111nce 

d~:ocrib~d ~bove (S~cti~n 2,1,2), 1~ ~h•ul4 b6 a~ed ~hAt ~en rel~ 

1 tripa off th.o d-e, llll. :xua on& ::.ir.ut• ( cvotr a rel..y L tr ippin&) TtUl 

al••i!SC:. b ;t\Yeen the ;m.rhing c.t tl:.e d-e at .. .rt buttcn r.nd th. initklly 

~l;o;.red ;;i&Jlr.l since. tim&r F is no-.v introcl.ucin6 tub& ·;~EZ~~-up dt:lcy. 

2,1,5 Tho; Iil1.1;,W Cleu 

Ucr.r the ~nd of the st.:.rtL"lb ::equ .. n~e (s*e S-..ctic·n 2.1.2) relay 

H is o.:t 1 v·, t".d dur L"lS th ., pa 1 ~d •.;.'J..,t th. t.on ::cc end t 1mcr J is run.'ling, 

1'h11::, 1'-:;r :.p .. rbd cft;;,n sr.ccnds init:l....l clAt<.r r.ol•.yilo, S (lnthe 

initi .. ti:lQ ll.."lit) is .. ctivr.tcd. by '· circ11it 1;hru11z;h ccnt>.ct ~· 7h111 

elk_,,,.:: th~ ,.jt .. ntid ?n tha scr.;;;,ns of c~rt:.in c;~.t~s in the u.P.st;.r pr~ 

;;r ;El!J.<.r tro:r- + 150 vel ta t" z;;r..; ·,;c:l ta (this is c •. lbd tl:1.o: mr.st..,r prou;;a. 

I!I.Jr cleAr - tl'C), T:Ois ch • .nt;~ in p-:>t~nti:.l prevsnts tl110 c:;rr.:spon41.'lg 

r;:.t ... s from c~:1ductin~ ~.:1d, thu;;, durir.g this tan s.sc ·nd p..ri:ld no pr''&l'&ll 

pulus a.r~ tr;;.:lSDitt~d 1'r0!!1 the al::lter prq;r•.!!ll:l<:r. . Por 11. n"rc c~plct. 

Q~iiCZ'ipti::n of t~liS situ .ti<-n S•;f. ScCticn 10,3,2, 

i.n·,thc.r ,;;•.·•l't~.ct .:1 i:.1itid cleo..r reol::.y ;:~,. S ::pe::IB r.ll<>orin& a 

125 mf. c·:nd"nllar t::! ch:.rt;e up ciuri~ th• to~n sec:•;~d L"l·;,.rval. i.t the 

.. :!4 :f t!1'" ten cec:~nd bt•n,•l n lt-.y :> is pic!ctod Ui' b)· the c"nt...ct J1 • 

C·,:ttz.ct ~.& openc arc.ppinJ rdeys li t.:1i l~ ~1'1 .r.ll:•·,ri:lr~ t.IM. to&n ccc·-114 

ti.":~er J t, rt.:. •. t. ;,.s H ·lr:·~ 1ilitbl cl.:.<.r r~olay illli"lb;or three drcop1 
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chan::;ing the bi&s on the :sereens cit tbl gatea in t:W liWiter progUiial' 

(;l'C) back to +150 volta. i.nother contact on this relz.y oloMa alllft71JIC 

the 125 lllf. condenser to d1schar6• throa~; ~ coU of ini'tial oloer 

relay Po. 4. This relay 1s ~octivz.~cl tor a pc;riod of about 01111 eecOIIIIl 

and changes the potential on thct initial cl6&r Uno tro:a -345 •olts to 

-!r<O "VOlts. T:;is produCGs the initial clcu &ate (ICG). This initial 

Cbal' lin;. gOiiiS 1-.I'Ound to th& V;.r iou& 11DitS by ';:li.)O of 1;.ha cl-c \.'iriJIC 

cbumel. 

Th~ initial dear circ11it• wark iolltom..ticallJ at the e.Dd of a 

::t .. rtini; Glilqllenc~ or with w. d-e on s..q~DCa. The initial cleu sequence 

z.l:;o t.:.l:e:; pl;.c& ;.ohan tha initi~l cle..r push b11tton 11 op .. rz.ted (oa · 

front pcnal of the initbti.'lg ~mit. n• PZ-9-30&). 

There follows~ li::t of tt.in~w nhich_t-k., p1~ca in the Y&rioae 

U.'lit:; d11ring th. procesa of initiallJ cloooJfD&. 

(1) Initi .. tins Unit (s~s ?~9-307). 

The iai t iiU. c1s..r t,;::.tG (ICG) ~·· ~:;a.tes -;which po.ss ccntr;:.l 

proir~ p11lces (CF.P) which r~s~t the r•~.r ~ ~inter ::tart fliP-flo,. 

( 65, 6S, •.ncl es, 69 on p;::_s-104) .onii. the- r•-•Lr intnloc;;, r•~:i.r finlsho 

.:ncl t~ r •.. cbr synchronizing fliP-flop:: (67, 68 =r:l 70, 71 on p:;:.9-103 

Olllci 63, 64 on P.:.t-9-106). (s •• cKtioDS 11.2 LJld 9.1.2.) 

(2) CJ01ing Unit (P:-9-307). 

The initi&l cloH.r ;;&to:. 18 not used in t.'M; c~lin:; llllit. 

( 3) .;,cc~~mlllator ( PL.o;;-304) • 

The 1::.. ~to.s eo;ntrc.l pro.;.:u ::ut.c:; ·.;!licil C..llSe tb. d .. e..a.a 

•. nd tho. P~ co11nto.r to cle...r -,.,~ck to t.borir .i.'ir:;t at•• (or poullllJ GCIU6 

d•:r.cl• m •• y cl,._,. to .::"ive for ro11nd-of.i" p11rpo:;'="i:) and the ro.pr.ter r1nc 
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(CIIIIOCi:oted with ttw tre.nsc,.inra) to clur back to ata~<:. one. (liM 

~Gti~ 4.2.3 end ,.1.2.) 

(&) Bi:;b Spud l41lltip1i•r (P~~3D8). 

Here tb• ICG c;r.te:o contr£.1 proc;r11111 pull .. s tlbich atep the :propa 

rinG to ata.:;t. one (s~~ Section 5.3) encl \7h1ch r,;.sct th• 1. uacl r rc:;dYere 

(which control th1. product ... .-cucub.tors in the- proco;oas ot r..c•iY1DC tha 

pu-ti&l products). 

(5) Divid ... r .;ud SqULr,;; looter (FA-10-30.). 

The ICG ~atea central progU~ pul•e& p.rocluc1ac Cl ID4 Cl' pul ... 

"hich per1"orm the cleui:l; actions aa described in Section 6.2.9. ..etuan~ 

these pulses clear ·l;ilc pro;ra;;. rill&• tho q,uoti•nt placo rln;o 11114 tho 

(6) Function Tabla (r=.7-~')• 

Tho ICG c;at"s contral pro{;I'IUA pulaos which cl.ar the ar~ 

rings. tb~ pro~L~ ring and ro&ets certain tliP-tlops (•~• s~ctioa 7.&.&). 

(7) Constant Trans~itter (rZ-11-307). 

The I~G is u~ad only in th& r~ad~r control circuit• wbich ara 

located iD the 1nit14tinr; UDit. 886 (1) abon. 

\e) hL""Itwr (rX-12-307). 

Th:; I:G 1D ~oil only 1n tlw IBi~ punch control circuits 7.11ch 

a.r~ loc.1tocl in the. init1~tino; unit. s•• ( 1) abo .... 

(9) l>..c..st.r Pro.:;ra=ar (i'X-8-30&) 

T~ ICG ;,ates central proif7~ 11u1::u ;Thich clear ~ d.cade 

rinGS ~nd th. st•~p•r rtaos (see ~.ctlons 10.2.1 WD~ 10.3.1). 

It .;;.ny prog;.;~ pu1s .. ; .;.•t ~t.:.rt&Cl in th• tr .... y.s r.nd jlllz:P"rl 

·•hich .:~xt. nc!. CU"ou•ld tho ,~:.chin..: ( th;.y o:~ir;ht ~;:t Gt..rtlilll vlb::n th• 4-G 

..!r 
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pwer canes since c•rtw.1n flip.flops ~7 c- OD 1D tb.~ eet • a'bDor-1 

position) they will run out uay U~lleDCe which :m Clpw'Lt• 1w; pl~~~&ecl 

in. Bovr.v.r. it my of these .oeqllelleea ~c thr~ the ::IIUter pro;r.­

mer the pulses uill not pasa her• d~~rin; the 1n1t1~1 clear p.rio4 

(llecu:aa tl1& OJUt.er pro;ri.l:lio»r clec.r (Jcl'C) laloc:ka the pro:;rED 011tput 
• 

~::.tu, SM Section 10,3,2. Th7 ptoriod dvb.o ublc!l the> initial clear 

i.e- on is ~~mple ( includins a sLtety f2-ctor) tor illl)' 1:W111ally Jll~~GD .... 

:eq~~ences to rtin out (a:;slllli~ thr.t 110 one h;;..:; pla:;.oe4 in aD¥ ccaplate 

cycle:: or prO;iJ'ZDii -rmich do not paa tarou.;h the ~;wter pro~..-.r). 

Then, ;;._~ter the. initbl clec.r sequ.·n::e 1:o CClr.l.pleted. (.:.114 the r•:::d.y pilot 

2,2 DTITL\TiliG FULSE ?ROGRA:. CCE~OL 

b11tton a.nd produces a. proc;rr..c; p11lr;w ·mich t:;_ cyncl1roniucl with tb.e El!lJIC. 

1'h1:; pulse a.ppec.rs •.t •. terr.1in•.l I
0 

on t:w front p!mel _ (FX..9-302) t.M 

c·~ 'b; .-r.rrhd U'Oilnd th• pro;;;,r•~: trwU;: :;:;:ot.-;.1 to -.ll7 unit of the Zlli...C. 

Thts unit 1::: ~ictared in the up~r r1Gbt hF~d corner of PX..9-301. 

Clo;;i~ th• in1t1<.t1n.:; p11l:ooe p11:;h button c~.Uiioi:i tho. :::pc.cS,.l plllse 

st~nd~dii~r (tubes 61 ~nd 62) to :oct the flip...flop (6' F~ 65). This 

opens th;: :.;•.to? 66 ·.1!lich p~ . .s:.u & centrc.l pro;7;;..: pul:;~ (ce&ino trac t!w 

cyelins trunk) sett1110 tlip...flop 61 -.nd QS. T~1iG tUp...flop OP<'nll ~~.te 

69 p-.sdno; a. CFP 'llhlch r!:Hts bot:• 1'11p...flop:: ... ,d ;;oes tllroUGo'l the 

tr1n:r.itt*r to t~~ output t~rcin..l I
0 

(:;-e PX-9-302) ~D ~~· front ~n~l. 
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the two tUp...fiops oper&t~ ..a des~l'bed a'bcw. &1-.711 JII'CWSM 

e. .:otiUid.u-4 output JII'0;5Z. !Jilb•. ;.u 56 N.7 open Ia audl • wa7 that 

onl7 }IAI't ot & CI'P b JIU • .d. It' 1t tdllo to :~p&r&ta filp...tlop 67 d • 

110 haft! is lfoDe dnce ftlp.tlop 5I .zaa • Ia not ..... t .n4 tbe Dilzt CJ'P 

1a pukr!. full :otr~~ 'by ,;.t-o &6. Tben tlllo tllp...tlop 67 All4 A 11M 

one full u41t1.m tilz lD wblch t;c; set 11p s;, ;:.~-·t. 69 lB open ;:Jill pusea 

"' ::tent!U'Cl JII'D.7·~ pub•. T.ou JNla~ t.bo;n reHt£ tiM. fllp...fiapll 81111 1.a 

:1.nc&o tholr; ill nu p-.re.llel~ -:of !:.lrcultG lD this unlt. e. GI'NI aectlCID 

t:.ust be :u; detP.U=4 u t!1e &e:taf.l ~iilt; !ULan;: ot tlla cbcalt. fte 

illlll'b-tr P".l-9-105 in tL Ccnllor at~ cln.~ ot th• plu&-lll unlt reflill'l 

T~r• ~• :;1: t.-.~c•l7~~ loc~t~d in t~ lnlti~ti~ unlt witb . - - .. 

prosra:~ 1n:put &lid cutpat t .. =i.DIIl£ o:t tU. 1.)'"::11; pF.lllllo t'b.. output ot the 

c&thodc- toll•,..l\W:; ut ~ ":;Ji»Cti"N tren::~iv ... n Is ::oro\ect&od to ::. U• 

:..t the c:;v::Ung trun!: ,;.a:l Jll'::-;l;!;s t!l; ul•=tlv. cle.-.r ;r.te (SCG). Tb11 

:;ate. b uD•d to l'l"•Z aZJ.7 ·:1 -:he t:u::at7 ,.c::u..ul .. tJra dwp.ndino; up.:n tM 

&et!L"ll!li .Jt tMir s•lec.tlw ::leer lr.it::has (s5e S..ctlon 6.1.:5). 

Thua. ,m.a.ftl' a. pr::;7·"- pula .. .onterli '='!lor :Jf the t~r ... inP.la c1 

th~ :;elfrct1;;'e cle:z &;<'-~ b pr;:o;;id.,:l f~r t. poori·.'Cl of ;.Do; .o.dditiun. tiDe 

·~d :. proc;:.u pulse u tr;.ol3 .:1tt~d cat Jt the- t•rr~in;;,.l C
0 

at ths. ,;nd of 

tl1e :.dd1t1.:n t1.'l"• 1'".1e::e tr·~c~1v~: l'Z'- re.:; at '::l;y a. CPP :.f't,r one ··.ddl-



2.:1.2 Re&dcr :...1d Prlnt&r ProQ'FA Con1;rolp 

C:outrol c:lrcult:: .f'or tl:.e lBiO re~er and U. IJii: lliiC pmcll AN 

lac~tecl Clll plu&-m 11:1ltc (:..:~> the tQUI' pluo-ln ~m1ts 'belOII' tll5 mltlatla; 

pal:;s pl~1D un1t em PX-9 30'J) locz.t•4 1D the 1D1tlat~ •lt. 

Then circuits ;;,n :!escr1'bed Ill llet .. n Ill tJK IU:fc~::lcla fit 1:1. 

Per ~. c·:&::il;.U cUacU5:i~ ot t•~~1nt; pr.>cecllares0 c.t cet;;ra. tile 

ro~f.d•r is ret .. rrc.d to th. • .,.bte~.nce n=.n~afol (!l".rt III ct this r•port). 
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w. eJCJD!G 111117 

The cJClln& unit producq tile palaes wbich are uaed to repren& 

digiti and to control the oper:~.tion of 'llld.t. of the ENIAC. Abo tbe CU'I'J'­

clear gate (CCG) 11 produced in tbe CJUiDc uait• Tile pu~ae1 prodllcecl in t.be 

c7ClJ.ng unit conti'Dl the timing of tbe aperations and en•blee ttle 'I'Uiou ..t.t. 

to operate in qnchnla1a. 

t'he ~allowing table pns :s li.st of ttle J!Qlaee ar cates procluce4 !a 

the CJCling unit. Also appearl.Dc ill \be table is tile prlAd.ple purpoee of eecb 

palM or gate. 

TJ.MB W 

l'iilie or gate Abbreviat.iaD. Pllrpose 

~entral Progr1111 & progr3111 pulse wsed to ccmtrol tbe 
I pul.ee actiri.t7 of the various wd.t. of tbe 

nm.c. 
jreas palaee lOP Qsec! to CJCle the decadee of the -
l(otf beat) I lator during the process of tre.nsmiseion 

of the nu::lber (or its c:aaplcent.) rope-

' tered in the acci8Ul.ator. 
Dne pul.ee 

I 
lP l I a coded q&taa in the Jllll.tiplier, tunctiCII • 

1Two pul.aee ' 2P ~ tables, iillCl the constcDt triiiiSIIIitter 1111ike1 
' i ase of combinations of tbcee pul.eee to ... 
lTwo-priaed pulaee 21 P ' represent the digits zero to nine. 

J ~our ouleee IJt 
iRine Pulsee 9P Saae ot these pulses are used to rep-

resent the cfurits zero to nine. 
11P In the process of taldn6 the campl--. 

I 

J 

lOne-primed pulse 
this pulse is used to obtain the camplo-

I aent. with re&~~ect to lfJl inst.e~<d of ~., 
!Reset pulee lU' This pulse is used to reset tu.p-tlop8 in 
I t.be ac~t.or decade unit.s and t.o pro-

I ri.de " CO.ZOI'7""f1'181' pulse in t.he proce1a ,. of uldition. 
(&rrJ'-Clear gate CCG rbis g~t.e controls the C&rr,f OYel' pi'DCeSS 

when lidding in an accumul.ator and produces 
the cle· ... -- action 'llihen so desired. I 

• 
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Tbe pulses and ptes listed in the table above arc produced 1D t.11u 

qd1llg unit once each addition tiDe. PI.-9-306 shows tJui tempar:::1 ~ ~ 

tho;se pulses and gates. These pulses End gates ;;long with the selectbe cle2r 

g~te. fi"'D the initi~ting unit (see 2.).1.) r,rc distributed !II'Ound to c:;.ch unit 

or tbe D!II.C 117 the qcUng tnmk. 

An addition time is non.r•l.ly 200 micro-seconds loag. J::ac:b additioa 

ti&e is divided into twent:r part.s cilled pulse times• each tc mic:ro-eecODda 

lcmg. .'.ll of ·ttw pulses except the lOP &re producccl a.t tt:.c begiJming of a pulae 

tbc uld all ho.ve a duration of ~bout two micro-seconds. The t.ens pullll's (lOP) 

p:!Ss t.brough a 2.5 micro-second dela7 line &rid thus arrive at the b.:Onnbg of 

the second qulll"'ter or a pulse time. The tens pulses. lOP• are usild t.o qe1e 

dec:1des in the acCIIIIUl:l.t.ars (see J,.J.) during the j)l"ocess of tramaitt.ing tile 

contents· or the accumubtor. These ctr-be:!.t pulsn arc produced 2.S .ai~ 

seconds late for timing reasons which will be expl:!ined in the cbaptllr DD the 

S('Cl•m•lator (see 4.).1.) • 

• 
3.0. Ii:TROilJCTI<If 

The block di:?gr:llll or the cycling unit e.l.or.g with t.bz.t of the 

initi~ting unit appears on PX-9-307. In the upper lett. corner is the oscfl1ator 

plug-in unit. To the right or this arc the relays which detenr..ine the DOCie of 

opl!l"ation: continuous. one addition tine, or one· pulse time. Bolo" the osc:llhtor 

plug-in unit IU"£ two !!lOre p1ug-in units contdning pulse stand!.rdizers and delA7 

lines. b~u the middle is the twenty st::o.g.:: ring which counts out the pulse tiDes 

rt !Ill addition ticc. B~J.a. the ring arc pulse g·~ti.ls, then tt.e nopll1'icrs, allll 

finall7 th" tr:msr.dttc.r plug-in units. The outputs of th.:s tr....nsmittcr plug-iD 



wd.t.a CO to the QC11nc unit. trunk '!lhich carries the nriou p!lllles uad gat..e 

arauad to eacb Wilt. fd t.be mac. 

J.l.L l!!! Qedll!\ar 

The CJ'7lltal. oscillator allr&JII oscillates at a trequeuc7 ot 100 Jc11~ 

c7Cles. Whether or not the Ollt.put. ot the oscillator is used depends 1lpall U. 
• 

setting ot the e:xt.emal oscillator switch and the continuous llld CIIIC addltlDD 

time rel&78. The socket and the extem&l oscillator switch lllllkea it posslble 

to operate the .ENIAC with an extemal osc1llator, and, more impartaat, to 

operate the EHIAC at ditterent fftquenciee tor purposes ot chedlinc (tor ennple. 

to check eatet7 tactora). 

Note: !! l!!! EfaAC !!. operated ~ a fregucncr exceedins !Q2 ~ 

c75lea ~ aaf:etJ factors may ~ ~ !!!!! reliable operation c111111ot !!! expected. 

The continuous and one addition time rel&JII cause the oec1llatar 

(ut.en12l or intem&l) to be c=nected tbrOQgb tbe pulse atandu'diaer 1-L 216 

to the gates IZI aftd Lal tor continuoWI and one additi:)D tS. blat. DOt for 

cme pulse t1ae operatiz. ot t.he three aodes of operation the tirat (continuowl) 

is the nomal. JaQde and the tollodrag descripUOD will be iD tenu ot th1e IIOCle. 

The ::t.her tw:) modes (one additi~ t1ae and one pulse time) are tor purposes ot 

chec:ldnc and will be ducribed iD seetlDD 3.3. 

When the continuous rela7 is actiYated the cath:)de circuit ot tuM '10 

is cpened• thus t\lr'fting tube ( '10) Gtt and• therefor .. opeDiDg pte 1.28. !'bat 

is, since tube '70 1a not commetinc the plate potential is relat1•el7 ld.&hJ 

and, therefore. one ot the caotr-~1 grlds of the gate L28 is auttic1entl7 h1&h 
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that MT positive signal on t.he ~her grid wU1 RUSe It; to co.a&et. Renee, 

the output of t.be osclll.ator goea through the oantac:ta on the continuau 

relaJ t.o U. pu.Jee ataacl!erdisar Jt-r. 26 and through the sate L 28 to tba 

..... lthl &a "'"· 

The pulse form!nc circuit, caaposed ot ~ special pulse standardiser 

(tubes 68, and 69, see section 1.2.7•) and tube 70, senes no other pupo• 

than that described above in continuous operation. Ita role in one additioD 

time and one pulse time operation will be described in 3.3. 

).1.3. !!!!. £!!-be~ !!!!&-~ !!!!!1 
Tubes 61, 62, 6) of the on-beat unit constitut·e a pulse standardiser. 

This circuit. differs fi"CCIl the uaual pulse standardizer in that. it baa a one 

micro-second del.q liDe on the plate supply or tube 62. B7 retlect.iaa tbia 

dela7 line helps t.o produce a squnre pulse with a length or t.wo micro-seconds. 

The outpu~ of tube 6) goes t.o tubes 68 and 67 and thence to a socket. 

located underneath the rl'Oilt panel. Thus, pulses (which are in phase with the 

nine pulses 9P) arrive at this tenllinal in the rollowiJic 11&11': 

a) tor cont~uoua operation one pulse each pulse ti•, 
b) for one addition time operation twont7 pulses (ane eaCh pulse 

time) each time the push but ton is operated, and 

c) tor one pulse time operation one pulse each time the pwsh buttaa 

1a operated. 

The output of tube 63 also gous to tubes 65, 61., and 66 and on to the 

plllse cates controll.cd b7 the ring. These pulses are gated b7 the rinc to ~ 

duce all pulses sent out b7 the cycling unit except the tens pulses (lOP) • 

The third output of tube 6) coes to the orr-beat pulse fonaer plug-in 

anit ar.cl entera a I.S micro-aeclllld dela7 line. 
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).1.4. !!!! 2!!~ 2!!!&-i!!. !!d!: 

From a center tap on the 2.5 second del.cy line pulses go throUgb a 

pulse stondardizer (tubes 67, 68, _69, and 70) and thence to step the riDe• 

This pulse st:wiardizer is siDi.lnr to the usual. pulse stand~er (URd ill 

acCIIIlll~tors) except thc.t it. bas tao dri:ri.DC tube& (67 Wid 68) aperatiDI1D 

parallel. 

The end output or the dela;r line goes through another pulse staodard­

izer to the tens pulses g<,te L)O. This pulse stando.rdizer also has a cme mi.CI'CIIioo 

second del~" line to obtuin squ~e pulses of 2 aicro-second lengtb. 

The pulses which step the ring arrbe 1.25 micro-seconds after those 

that go to the pulse gates which are opened and closed b;r the stages of the 

ring. This means tmt the ring 1:'18 s. 75 aicro-secolllls in which to step tJ'all 

one st:!ge to the next., and tor reliable operation the ring is designed to step . 

to the next position in appreciablJ' less time tb311 thia. 

).2. THE RIIIG MID ITS J.SSOCI.t.TED G..T.2:S hlm FLIP-FIDPS 

3.2.1. !,!!! !!!!!_pulses (UP) 

When the ring is on st3ge 0 g"'te K2'l is open. Thus tbe first pul.se 

of the nddition tir.ie p!lsses K27 ~d sets the flip-flop L29. This ~flop 

11111Bt open gate LJ(l inside of 2.5 micro-seconds in order to ~ss the first of 

the tens puls,;;s arriving fran tube 6lin tbe ott-beat pulse fo~TJ~Jr. Thus, this 

is not a standard flip-flop; tb!.t is, the triggering tubes are Claitted in order 

to impron the time constant. Also, the output tine const:.nt is less thl.n tor 

~ str.nde.rd flip-flop. 

Tbeo output of gnt.: K27 :U.so goes t.c trigr;er the: scope which b 
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located on the eycling unit. This gina one s.dclit.iOD time ••e.- oa U. licapa. 

Tho fiiP-flop 129 renmtn,. _. aatU the rille ft&Ches lltace t.. 

At that t:Uae the output. ot g:~te AJ() resets the nip.flap. Note that iD Oftler 

to not pass DDre than ten pulses the tlip-tlop IIUSt reset iD less tlwl 2.5 

The output. of IJO goes to a tw;, stage 111:1pl1tiar (LU to u.6) and 

thence to two transmitter plug-in wdts. ;. transaitter C:lllSista ot t•(' atapa 

with five tubes opcrz..ting iD parallel iD each at3p. 

).2.2. !!!£ ,k!.. ~It!!!!! 1 plll.!ea. 

!!!!, .!!!! pi!l!e 1m 
When the ring is at stage :~ne gate K)O is opened to pass a OD8 

plllse. The pulse goes thr~-h an ~litier s;ptcm (1411 1421 K431 11.41 146, 

and K47) to a t.rans::dtter plug-ill unit. 

The two pulses W,. 

St:lges two and three ;,f the ring open gates J)O and H)O to pass 

plllses t~; tom the two pulses. ..tter bc:ling preampllticd by J4].1 J421 R411 and 

li42 they are c'lr.lbined and further 111:1plitied by J43. J441 J461 and J47. and thea 

ted to a tr&nSr.d.tter plug-ill unit • 

~ !!!2-priced pulses (2 1 P) 

St.nges tour and five open gates G)O and F30 which pass pulses to 

::1ake up the tw~inod pulses. ..s with the two .PW:-es these are &q~litied and 

taken to a transmitter plug-in unit. 

!!!! !2!£ pulses 1m,. 

Stages six
1 

scven1 eight1 lUid nine open gates E30. DJO, CJO. iUid 

BJO to p,.ss pulses which !!Wee up the t:Nr pulses. These l!.l'e Lnplltied and taken 

t., 1 transmitter plug-in unit. 
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The ono, two, two-primed, and taur pulses are iakcn t.o butten 

aitter plug-in unite. 

3.2.4. !!!! .!!!!!7 elear gate Cccn> 

Stage clc.ven ':>£ the ring opens g:1te 827. Tbla ga.to pe.aaes a palac 

•hieh sets thu nip-tlnp 'EZ7. Th.:l negative output ot tho nip-tlop pa 

through ODplitier t.ubos D26 ODd D27 to a trtnmit.ter plug-in unit. - t.blJI 

tup..tlnp 1s set this output. takas a positive mog and the ~t.ter P""" 

• positi•e gate en its output. llctu th~t. this """litier "78f.a:> 1s diroet 

"""Pled aU the •"7 throue:b. The CorJ?-clcl\1" tlip-t1op 1s Nset whoa the riDe r 

reochoo et.age eighto.... Tbe length or this Cllrl'l'-Cl<r.r gete ("10 aic...,_.e_) 

is r..b:m.t l "J/4 tiDes that netidcd tcr car17 ov~ in a twenty decade :JCCI•n•1 d,fJr• 

th'".t is. wh£:n the CU'I"J' ~er takes plec:e thera D1l7 be & string ot C:'U'17 :JY4"8 

tram. tht. first dec•de d">lln t~· the twentieth. This gi'fes a SCTI.Jll to tau.r s:Jct7 

t>ct or whieh ia scomohot loss tlwl t.h< t;w,, to """ . •hich is at.toincd ill -" ports 

ot tbo IIIIII.C. 

i i ,• 
! , \. I' 
I i . 

'J ~· ... ' ! 

i!· I 
~·,, I 
i·' 

,, 

·" I ·.' 
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The one. two, tw~primod, ;ond tour pulses are taken to butten 

!45, J45, G45, and &.:45 and then c"Dbined to nake up the nine pulses. t'b• 
J 
thc.y pass through a two stage (six tubes in pnrr.Uel) ~~r.~pli.f:lcr (a a alld 25 

J . . 
. to F24 and 25) md then to tour tr~Sidtter plug-in units. • • 

-).2.), !!!! 2!!2,-priped pulse (l•P). 

i 
Stage ten opens two gates -.iL)O nnd 112.1 •. Ga.te ~_.]0 paases a pW1e 

j 
_which rusets the tens pulse tlip-tlop. Gate "-27 passes the one-primed pul.8e 
t 
thr·~ugh !lrlplitiers ...26, 826, A23 to E23 and F23 to K23 and then to three traaa-

: Ditter plug-in units. 

' 3.2.4. !!!!. carrx clear gate·(C(X;) 

' 
Stage clcv6n of' the ring opens g~te B27. This gate passes a pulsD 

f which sets the tlip-tlop E27. Thll negative output or the tUp-tlop goes 

. thr:mgh acplificr tubes D26 !:lid D27 to !l trerumdtter plug-in unit. WbeD. tbia 
• 
I 

I 
I 

flip-flop is set this output takes a positive swing ~~trcnsaitter gl~s 

!. positive gate on its output. llotu thr.t this ;,mplitier systen is direct 

coupled all the way through, The cezr)'-Clcar f'lip-tlop is Nset llhoo· the rillg I' 

reaches stage eighteen. The length of this carr;r-clc.r.r gate ('70 ci.cro-seconds) 

is r:.bout 1 3/4 til:ws that needed fer carey nvur in a twenty decade xcumulator, 

th?.t is, wh6n the· carry -Jtter takes pkce theroJ D117 be a string of CfJZT7 OY"di'S 

from tht: first decade d"lWn t~· the twentieth. This gives· a scv,.;~~ to tour a<.f'ct7 

f::;.ctor which is soncwhat less tt>!n th€. tw·l to ?n" which is :;,ttdncd 1n most parts 

of the IIIIJ.C. 
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3.2.5. !!!!, reset P$• (RP) 

Stages 12, 14, 15, end 16 or the ring do not opente aq •'•· 

St.age l:J opens gete C27 and passes a reset pulse. Stace 19 apeu pw IZI 

wblcb. also passes a reset pulse. Thus, in each addition tiM there are two 

reset pulsea, oae 1lhen tbc rille ia at; atap 13 lllld another when it is lit. 

.tege 19. The outp!lt of the gates C27 and J27 g;,ea to ua ampaner s,.t• 

1126, G26. G to .J 24 and 25. The outpu.t of thia •plitie~ goes ta three tras­

Ditter plug-iD 'llllit.s. 

).2.6. !!!! central program p!llse (CPP) 

Stage 17 opens gate 027 which paasea the central program pu.lse. 

Since this pulse is used mare places b7 far th:m UJ7 other pullle in the EtfLOC 

it goes thr~h the largest a~:~plifier &1Stlllll. Thill pulse goea through tubes 

F27 1 F26 and E26, then to a tw:> atagc (ten tubes in parallel) lllilplifier 

(;.22 to 122 and lo2l. to X21). Tbe output now goes to nine transmitter pl.ua-iD 

·units which c~nstitutes a two stage ~~r.~plitier with fiJI'\7-fin tubes iD parallel 

1D each stap. 

These two modes of operation arc provided for purpoaes of cbeckiac 

the operation ::;f the ENIJ.C and to check the set-up of the probls. U the 

IIISirer to a check pr:>blcm is not correct then it bcccme·s a 11111tter of iaolatlnc 

the fault. This gcncral.l7 can be done by operation in the one additiDD tiM 

S:.>de. Then, operation in the one p!llse t.i.l!le m'llie will generall7 1\lrther help 

t;~ diagnr>se the fault. For twther discussioo :m these pointe see part. 1 ':lf 

thia repon.. 

'1 

·~ 
' 

'' ! ' .. ' 

I 

., 
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).).1. ~ additi:.n ~ oeeratioa 

In this cua the transfer contact on the C'lntinlloua rely hol.d8 

the CP.thode of tube 70 {in the ~scillator unit) at -40 Y'llts. Tbi.s tube 

la ntm:lllll,y on and -.111 go ott ->1117 upon receiving a negatbe signal trara 

tube 69 which gets its st:lmal.ua frca tho pw;h buttoa. 

The le11gth of thia pulse sent to gate L2B l!lllSt be loag enougll to 

be sure to let a pulse froa the oscUht:Jr thr.liUQI (at. 1aaat t.en micros"""'M'a). 

This first pulse whic:b passu ga.t.e 1.28. st.eps the rhlc .tr:n l'tRge aero to stace 

;me. Sinee ·me uf t.he control grids ~t gate L27 is connected to the negatiw 

st:ltic output •>f st:,ge sero. gatu 1.27 is opened aa long as the ring is n;,t at. 

stage zero. Thus, the pulses !r= the oscilbt:>r {via lt-L 26) contim&e to 

step the rinG until it reaches stage sur'J ag31D. Hence. each tiae the one 

pulse ::r .>ne !Lddition t:iae switch is pushed the ring CJales through all twent7 .' 

stages and the c;vellng unit gives out the vr.rioua combinations of pulses whicb 

represent ->ne addit.ion time. Mote th~>t the pulse sent to gate L28 b7 10 auat. 

n'lt last as J!IUCh as one addition time or else operating the e>ne addition tJ. 

push butt•>n 1:1a7 cnuso the .ring to CJCle twice. 

).).2. Q!!! pulse tine operation. 

In this case neither the c.ntinuous rcle7 n~r tbu one aadition t:t.. 

reby :we activated. This ccllnll that the oscillator output is not connected at. 

ill. The output of th<: first triode· of 70 goes both to the scc:md triude and 

to g~te L28. The output of the second triode goee. thr~ugh contacts on the ODe 

::oddition tiae rela7 •nd the conti.mlous rel~o;r to the pulse standardizer 1t-i26 

:J.nd through the gate L28. Thus, e1och t.ino1 the push button is operated :me 

pulse. is r~ into the ~ ~ e!Y&-!!! unit. 

1 
I 

'I 

. . 
• 



r • ' m-10 

The wide pulse troa tube ?0 11ddch is applied to gate 1.28 1a delapd 

(l!cr•" or tile tine constants ot the path thr<lugh the rel37 and the pqae 

standardizer) and differentiated (narrowed) b7 the pulse stand<:rdizar circui~-. 

This essures its being gated at 1.28 b7 the wide pulse fran tube 70 on the otb_. 

control grid. 

• 

,, 

j . 
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loa &CC"""
1•tclr ia a Wlit. ot t.he ENIAC which 11 capable ot pertm.­

illc Ule tol.l.c»dnc oper..ume• 

. 1) Storing a ten cl1git. IUiber al.q with the proper indicat.i• f//6 

:l.t.e eip, 

2) Receivinc lllllllberw (poait.be .- negative) t~ ot.ber 11Dit.e f//6 

the ENIAC and adding thea t.o nlllbere alreac~T .t.orect. paoperJT 

:l.ndicating the sip ~ tbe .... 

l) Rounding oft ita cant.eat;a t.o a prnioua!T det.erained mmhr 

or place•. 

4) Transmitting the maber beld• or ita complement lll.t.b respect 

to 10~0• without losing its content• (thia makea it poasillll 

to add and/ar aubtract fi'CIIl the content• of Gne ~ .. 

thoae of another). 

5) Clear ita content.a to aero (except for a poasible J'OIIIId ott 

five• aee 4.2.3.). 

6) Information atared ill certain acCIIIIIul.atare mq be trenad.tted 

ataticalq to certaia ot.ber unite (aee Sect~ 1.1.4.) 

The reg1ater1ng of ten digit rmmbera 1a accCmplished b7 the ue ot 

decade ring cowrt.era (See 1.2.2.) 11114 a Rl (plua-minua) counter. Tbe cil'ca1t. 

which carey the varioua groupe ot ,.U.ea representing numbera and signa (~ 

eluding the decade plug-in unite and the Rl-Clear plug-in unit except tor the ·· 

clear tubea) will be called the maerical circuita. The ace\lllllllat.or cont.ainl 

common progr8!1!!!!ing circuita wbicb 1n each operat.ion of the ~cc1DIIlator 

detr:naine which of the above ll..Ud operations the unit perfon:111. The ac­

lator oontllins a nWII"er cf prog!&lll control circuite (eight repeat preen. 

control circuita and four noo-repeat program control circuita) which cua be 

ueed at varioua timce to caue the cCIIIIIIDn progriWIIing circllit.. to ma.lte tbe 



acCIIIDIIlator perfona cme ot Uae abcwe operationa. 

Thus, u.suall,r each pl"'grllll control circuit will be uaecl .t. ..t 

once in each sequence ot camput:atior.s wheft:;.s portions ot the c-- Jll"'P'­

cing circuits are used each time the acCIIIIIIll.ator perronu ID operat.iaa. 5o 

t.c JII'OFII!I controls are used aimultaneousq. J.ctual.l,y b7 makirtc uH ot U. 

master prograaner it is possible to uae one progr<G control cirCid.t snenl 

ti.m.ea in a given sequence of ecaapuhtiCIIIS". Tbe operation perfonaed b7 the 

n~~:K;ric!U circuits (controlled b7 the -an progr21:1ling circuits) b deter­

Dined b7 the various switch aet.tiuga of the particular progr• coot.rol uect. 

liben l!CtiY'!ted b7 an inca:dng progrU~ pulse (:urlving 'da ~ 

connections frca program trllJII to the acCIIIIIIIlator tront panel) the procr• 

control circuit provides cert:liD ptea to the c0111:1011 progra~Ding circa1t.a 

which in turn suppl.7 certain g;,tes or pulBes to the numerical circllit.a 

and thus c:wac the acCIIIIIIIl.ator to pertol'lll ao. cert.o.in operatiGDe At t.• 
end of the operation (which 11B7 last as e3117 as nine addi tioa tbea U a 

repeat progr"n control circuit is uacd) the program c.ontrol circuit glyea 

out a prograz:a pulae which mq be taken to other units of the EHIJ.C c•""""C 

them to perfora the next step in the sequence or cOI:Ipllt;,.Uona. 

4.0. Itn'ROD,JCTICII. 

This dcscriptioa or en acCIIIIIU12tor will be given in t81'1118 ot t .. 

block diagram PX-5-~ and the cross-section diagraa Pl-5-ll5. . In tbe upper 

center and upper rigbt of the block di<:gram there are clenn rectWJglea rep­

resenting the tt:n decade J!!!!&-!!! units and the Al-cle'!l" ~ (on the left). 

Just to the lett of the HI-clear unit are seen the five decka ot the sipdft­

~ figure ewitcb. In the lower lett band corner 3re seen one receiwer 

plug-in unit and two tr£r.aceinr plug-in units. lt.s indicated on the driUriDI 

there is one other r~ceiver plug-in unit '!lid six other tr:.nsc-.iYers mldllc • 

total of tour receivers located on two plug-in unite and eight tranacebera 
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each located em a separate plug-lll wd.t. Jut above the cocle bloc* and 

llelDII the decade wd.ta are the e~, 11, y, S, and & input. gatea of wbicb aal,y 

• IIIII £ are ahowD lll detdl. 

Aa indicated e.bove, the circuit a of an acc:uaal.ator are didded lllto 

\bree groups for purpoaee of e.xpl.anation. First, there are the prograa !!!!!­

~circuits which comprise the circuits of the receiver and tranaceber 

plug-in units, their associated switching circ:v.ita, tllllt "- repnter P'• 

iD unit. Second, the cor.mon progranming circuits connect. b7 acana of 1Dt~ 

ccmnection pluss (aee, for aaaple, tbe tennin.,,. ml'ked fir 6, T, and 8 aa 

tile ~Ct edge of PX-5-3134) to the prograa control circuits. Third. aDd 

lAst, there are the numerical circuits which extend frOIIl the input. pluca 

sv
1

, ••• , sv
5 

throusb the clecadt:a and P11 unit to the output pluca sw
1 

and 

Sl2 (at the top of th& block diagram). The cOUDon prograllllling circuits 

direct}T control the n111:10riclol circuits by opening certain g&t.tea and lll 

acme cc.su introducing certain pulaea into the n~~&~t;rical circuits. The 

following tablo Slll:lrilrorizea the gntea !lnd pulse-s produced by the progr• 

control circuits and by the cOODaa progr~ming circuite • 

. · 
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T;.au: 1r-1. 
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:~.+.io:• : t:b·".l • ll•r;;::t. , provided 

!sWJ.tch : nw.i-;.~:!1 i s~;it:!h i r.t 
! • : . 

0 I SUl A I -I : 

~ 
' 

' I 
' 

-.: c SU2 II - • 

' • 

I I SUlO 
I I 

il 

I 
0 I l i SU6 

I I 
I I I 

~; I 0 - SU7 
' 

I I 

I 
i 

s . 0 - sua 

. 

I A c - SU6 

I SU9 

- -' 
Co!r.lon Progr8101111ing Cir::uita 

G:.tes 
Provided • 

i 
' 

Carr7 gate to tubes J 
! 

19 and 20 in the I •cP.dcs !Uld A lDput 
l!~·tes cm_ened, ' ' Cury gate as aboYe I 
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and W42 open&d, ! 
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above I • 
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j 

-- . 
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mission oYer SW~, 

" 
Same as tor 1t. 

aba.e 

-

• . 

..1 
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Ao.l.l. General description of a non-repeat prOBJ"!iD control circuit 

Suppoee th'lt a progr~ pulse arrivee oyer the input. tena,nal. 

11 (loller left c:anaer of Pl-5-304). This positive pulse will c- one 

halt of 66 (tube 66 is 11 6SR7, r. double 'l"'loda tube) to bee- CCIIIductilal· 

The. drop in plate YOltage w1li eend a negn.tbe pl&lae 1nta tile flip-tlapl 

causing it to be !!!• The 1adic:atecl PQ1.ant.7 at t.be Clllt.put will tbea be 

reversed and bill of 62 will go ott ( beccme non-conduc:t.ins) 1 CIWIIiJic tbe 

cc.t.bode follaw~;rl 63 to go on. The output of 63 CCZlls .trca the cat.bodeJ 

therefore, -hen the tube becOGes conducting the cat~odc pot.~nt.ibl risea 

with respect. to that ~r the pl.r-.to giving a positive gate voltage on the 

output. This output gou to deck 3 ot tho operation switch. U the operat.i.a 

switch is sat !'.t A, P • .,. &. or & this positive gato voltage appears ca 

the interconnection temin!!l.s l:!bcled SU l to 5. If the switch 1a aet· 

'lot ii.• ita • or S tht>n the ga.t.o t!ppe!.ll"s on SU 6. 7 • or 8. The fast output. 

( c<::.t.hude t-,ll~er) is ust.d thor~.: since these circuits llWJt be aet up bet ore . 

the 10 pulses arrive. The other output. ot thu recdver flip-flop (wbicb is 

positive atter being ~) opena the gate 61 ( t.b2.t. is. allows a pulse on tbe 

tirst grid to cause the tube to conduct)~ turns the buft·r 62 on. This 

gives a n~gative voltage swing on the output. which goes tt~~ the clear­

correct. switch and df.ck 2 of tho operation switch. If th<; switch is silt. 

at. G t.o £• this signcl. apjl(oal"S on tt.rminal SU 10 t!lld will c;,us~o the C?JTtJct.ion 

to take place. If set 11.t o. A. ;.~. or S the signr..l. turns the inv~rter 

F50 ott and the butter (thL other hc.l.t ot F50) on. riving a. nogative gate 

'~t. SU ? und will caase tile &ccumulator to cle<r. Attur the gate 61 iD the 

re:ceiver is opcnud. the CPP (Central Progr!llll Puls~.:) lal'riving at the end ;,f 

the !Lddit.ion t.imil resets the tli~flop. Tle tL.l(; const«nt.s ~ such t.hat. 

1) For a d~;;t..U.c:d discussion ot tli~tlops • .:;at~.: tubes.- butters, Gild 
invurt..,rs se" s~ct.ion 1.2. 
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actintes the receiver. 

4.1.2. General description of a repeat program contrel circuit 
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Now, supJK'Se a progam pula arri.'ftll at a tr2n11ceiver, A7 at :Laput 

tendnnl 51. As in the receber this p11lae sets the flip-flop and witbia 
1 

15 ,s. give!! the positive gate through deck 3 of the operation switch te 

* ~acovweetion terminals SU 1 te 5 or SU 6, 7, or B. The other output 

(which is now positive) of the flip-flop turns the butter tubes 61 aa aud 

cpena the gate tube 62. Ir the clear switch is setting en clear, the aegatiw 

gate output of tubes 61 goes through two decks of the operation switch and 

appears &t SU 9 and at SU 10. The two tubes F50 are in the line trca the 

receivers to r~ise the circuit to the d-e voltage level of outputs ot t.be 

transceivers. The cross section of the rcccdver and transceiver (see PI-5-115) 

shows th:~.t the plate supply ot the butter 62 in the receiver is -345 whereas 

the plate suppq ot the butter 61 in the transceiver is -235 volts. The 

negative gate from the right hand butter 61 in the transceiver will tum 

the inverter J50 ott giving :1 positive swing to one ot the grids of the gate 

tube HSO. The centru program pulses (CPP) arriving at tube HSO will DOll be 

passed on into the. re-peater rillJ;'. (The CPP tht>.t stimulr:.ted tho program con­

trol will not be passed). The;y go thrOU6h the pUlse ste.ndardizer (tubes 61, 

62, and 63) and step the ring. It the repeat switch is set at 3 (as illus­

trated), thtln a.t th<.: third eddition time the ring will have .tepped to 

stage three giving a positive g:~.te through the repeat switch to tb" gate 

tube 62 in the transceiver. Note, that one. rllpea.ter ring is· used 

l) This follows th-= practice th~.t circuits c.re desisn<.:d to oper<>te in not 1110re 
th'..n h·~lt ot the time which would suffice, for ~~.101ple 1 the 10 pulse gat.:s 
(F-4, 47, connected to SU 6, 7, c.nd 8) must be open inside of 32 )SSe 

(Art~r CPP sets receivdr or tr~nsc~iver) in order to p~ss th~ first t~ 
pulse. Actually 1 the time const :mt tor those circuits depend upon the. set­
tin~ or th~ pro~~ switches. The rn~ t~ consttnt oc~~ on a ClrCuit 

wh·:n two 3Ccwnulo.tors are interconnected to fPm 1). twenty dig1t acCIIIIIulator 
and all program switches arc set to activate that circuit. 
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\17 all. the repeat JII"O.Va:R controb. This causes the in~rter 6S to p ott 

opening the gate 68 lilld t\IJ'IIini; the buffers 63 on. The output trc:a cae of 

the "Ntfers 63 go..<B Urcu;h the clc:;ar switch and the operat.ion switch gldng 

a neg:J.tive r-~·te at :!'1 9. Tha -:>utput "Jt the. other but!'er 63 tlll'IIS the tube 

J50 ott c>re:Jtn& t.he; :;:.~.: llj(J (this pro:ess ot c:>er.ii,.; t:ate K!\0 tPlt{,a aboa.t, 

100 ~ .. ) ·r:~e :r·? =t t~~ e::d '>f the third eddition t.i.me p&ssJs this gate 

and turns i:.~t. i;:n.rt•·r !'.49 c·fi (H, OV\lr-&":!.,e:~ tile stc!'ping puh.: fro& ~0) 

c1nrinc ~se :re:p-'3ti;!"' !'i!t,~ '!t3dr to ABt,--e oD&. tt.a gate 68 'b61rlg o~ 

t.he central prC•i7111:1 pul:le IU'rives at the t.nd or th·~ tt-.ird a11jl.tion time, 

reset• tJK. ~li(;-rtop. 2n'.i fccds through the tr::nmttcr (tube~ 70, 11, IUid 

?.<;.) givi..r.g a p;;.·og:-'~ :)U" .. ru' .. pula.:: 111bich can be used to opcr:~,tc SIDII ether 

unit du~ir.g tha t~ additi'JD time. 

4~2. TrfE C<:WJOX. J'f.\U'~:.i~ CIRp!JITS 

'!'he re::·.dv'r~ circuits cause the ::.ccWllllli>tor to add to its present 

C·:>ntents any tt'n C._sit sir,ned number &rriving thrcug~ the input plugs sr1 to 

SV 
5

• T'D s- 3.&.!':.~~ ia ~ccacipllshed 't:y openin& the proper set of recebing 

gotes (!.to A 41, L to a. 42, ••• , or L to .i. 45) 1 and by providinc t:Jr the 

Supp ·ee th:!.t .. n cctiv .. tcd pro.;r::w cor.trol bas its Jper2tion switch 

sot :.lD 11. Tbia &1'Jllies a positive gate to SU 1. The int.:rc..,nnector cable 

c~IJ'ril:s this t·:> sr 1. t.nen it will cause tube C48 t" te"oa" conducti.nj; and 
I· 

tum rytf the irdrt-rtar J46. The positive gate frvm J46 opens the gr.te tubes 

L4l u A 41 &nd a.v digit or HI pulsr~11 arriving at th~ plUG SV'1 will bo 

tr<.ns~Utted into tbe correspondinr, dec~:.de or 1\i unit, Also, the pollitin 

g:1te trom ST1
1 will t'p<'-D tho:; eate tube E47 P.llowint; the c:.:rry-cler.r gate 

(CCG) to be pas11ood t:> the invurtcre J. to D 49. Tho output trOI!I these :l.n­

vcrters th'ln op<.ns tile cury gates. 19 ilftd 20 in each decade. This CUT7-

ovt:r will bu uxp);,i.nood in d~;t~.il Ython th~.; n~rical circuits tore tc.ken up. 

(see Sec, 4.3.1.). 
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U the clear switch is act GD · C and the operation awi.t• ca._ 
then a negative gate will be applied to inverter 050 tumln& 1t on and op­

i.Dg the ga~fls 1.49 .-.:1.:. ~!iO. This passes the l' pulse through tbe 1atstecaui8ctCJI' 

termi.nall' ::r-•2 l!t <.n14 L; lr.t-o the first decade of t.ba acm••ht.ar. Thla "ro­
Yidea for t;).'! CC'"l'e::t:t?n of aecatiw IIGiltien 11beri Btllllll of the l.aat d:!.gita 

ba.ve \leen l.c>st by t...e u:se at d.elat.era (r.e Section ll.2.) 

4~2.2. The add and subtract tranlllllinion circui.tr:. 

SUppoee the operation nitcb of an activated program control :l8 

set at J.S. Then a poaitbe gate will ::.ppear at SU 7 and be tran~~ferred t17 

the interconnector jumper to sT1 7. Then it will open the grate tubea G471 

G49, 1149, and 1141. G47 will pass the c1lling pulses (10 P) to the i.Dftrter 

1148 and the cathode follower 1..46. The ou\put of L46 operates the butfera 

B, D, F. H, and It 46 resulting in the dec:~.del being cycled through all ten 

stages back to where the;, started. G49 will J>".SS the 9 pulsea to the innrter 

E I.B !!lid the cathode follower D4S. From there these pulses go to tbe ga'e 

tubes 22 in thiJ dec:l.dea and the gate tubu 16 in the PU unit. S1m1larl,r, 849 

will pass 9 pulses through C4S and Flt&-~\M- gatea 21 and lSo 1141 paaaea a 

1' pulse through the transmitter (23, 24 and 25 in the PU unit) to the int­

cormection tenainala sul 17. From there it goea to the aigniticmt figure 

switch and into one of the output terminus of the au.btract output sw2 • 

It the opert-.tion switch is set at A then the c;ycling pulses (lOP) 

arc provided by gate 847 and the 9 pulsea (9P) are supplied to the add gr&tea 

21 of thll dccad~:os and lS of the I'll unit b7 thol gate J49. If the switcb ia 

set. at S then the cycling pulses are provided bJ' F47 and 9 pulaea are aent 

to the aubtlract g'!.tea 22 of ttie decades and 1!. of the AI unit b7 gate P49J 

also, K42 provides the correction puae (11P). It the clear awitcb of the 

actiYated program control 1a act at C then at the end of the operation (one 

addition time in the c&se of rec.:ivers and one to nine &dditiOil timo:a in the 

c~e or tr&naccivera depending upon the actting or the r~::poat awitcb) a negatiwe 
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pte YOltage 1fi:ll appear at S'O 9 end fr0111 Sf) -C) it will tUI'D ott tbe t.. 

't'erter •'SO op<;rJ~ the: g<ote lf4S. This passes a c~clear gate (OOG) tA 

the cle:lr "::.1.!b"!': ( ~- i:.;; 10 in the PII-Clear uait). 

4.2.3. ~·=.:!.! !!::~:?! ~nJ·!~'"! of !!!!. clear circuits 

r'Jl' p~.::·;r~.:!·::> ;;f !'<r.IJ\ding ott D""'b!!n tbe -~· at all &!:r.•1."1i11Ator 

the significant fi&oR"c •itcb. The setting or this switch detend.Dea wld.ch 

decade clears t.I:L 5-.. lil1. other decades clear to zero. For enmplF, to :rcNDCl. 

flit" to tt.Ne signiticant figw"cs th" sC't'enth decade 1a cleared to tin before 

the aucber to be rounded off is put in the acCimiUl.ator. 

lnapection of a decade plug-in unit on the croaa-ecction Pl-5-llS 

shows that clearing 1JB7 stage in thil ring is acc0111pliahed b7 a direct ~ 

aection to the clear tubes (l to 10 in the Y.l unit) labeled •clear '1' 11 , aDd 

a retUI'D circ:u:i.t labeled "clear R" which returna to a resistance. 'l'bE: block 

diagr= shows that all stages except zero and five connect directl,y to tbe 
' 

clear tubes and the resistance, ~hereas, st~cs zero end five coanect to 

tov decks of the significant figures awitcb. The significant figures awitcb 

eftectivel,y reverses the conn.::ctions to the zero-fin lt.lads in one decade 

causing tho decade to clear to five inate!!.d or to zero. 

With thc significant figures switch setting as illustrated, the 

ninth decade will cle'>!' to five, giving nw:lbera with one signitic<>nt figw"e. 

a clear sign~l ca!li.ng tram the clear tubes_ in the PI! unit will go directl.f 

to the upper connections to str.ges l, 2, 3, 41 6, 71 8, and 9 in r.1.l. decadeaa 

througb deck one or th;, signiricE.Dt figures switch, it will go to the. upper 

connections to the firth stages in all decE..des except the ninth ( correspondiDc 

to one significant tigw"e) and in tht' ninth through deck 2... it will go to 

the upper connection or the zero stage. The retunJ circuits come tack 1D 

a similr-.r aanner through decks 2 and lA. 
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The cleiol' signal arises b7 a CU'r"J'-Clcar gate be1J1c paaaed 117 

tube !144 to the inYerter W.l and thence to tube 1 in the Rfllld.to u tbe 

acCUIIIIIlator is being used with the mul.tipli.::r or divider the cl~ gate JUT be 

introclue\d clirectq into the PM unit as illustrated. The g-ate 111o4 .u1 11e 

opened to pass a CazT7-clear . gate ill tbe following ce.ae-., 

a) It the ENIAC is initbll,y clera:-ed thE: init.i.t:l clear pte (IC) 

arrives through the buffer M45. 

b) It the :u:c~tor is eet to sebctbe clear aDd the selective 

clear gate (SCG) ia provided at the initi:l.ting unit (see 2.3.1.1 tbea tbe 

inverter .150 is turned orr b;y the signal from the buffer -· 

c) Dr. it the program control switch of an acti'r~ted FOgraa 

circuit ill sc.t to o. "• As. or S and the clear switch to C t.hO!D at. the ead 

ot the opention a negativ•, gate Eo.ppev-s at ST 9 1111dch tUI'DII ott t.ba ~ 
1 

verter J50 and opena t.he gate M44o 

The ICG also clears the repc1ater ring back io at.age one b7 gatiJII 

a CPP at 150. 

4.2.4. J.. descripti"'l or th_e inter;.O!IIlectiOil feature& 

The outputs or the program. control circuits appear at. terminals SU 

located on the front panels. Just above these are the t.emiDala ST. It ia 

expected that the usual plan will be to operate aa a ten cliBit accuaalator. 

In this case a jumper is plugged froa the terminals SIJ1 to ST1 (Plt-5-121) 

and a l"acl box: is placed in sT2• T!tes effectivel;y connect• toget.ber the 

interccnnector terminals located next ·to each other Oil the blcck cliagr• 

Pl-5-304. In case or twent;y digit operation all the prograa controls IBI8t 

oper~ote . in parallel• this neans that the load resistors for these circuits 

cannot be built in since what ia correct for separate oper ... tion 1I01Il.cl not 

be correct when they are operating in pvallel. Thus. tbe l11od resi.tore 

are on a unit which is plugged into the trent t'anel. Onl7 oae such uait 

is used with each accumul~tor or with each pair of ac~'"'1 ktorS when COD-
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aected to 101'111 a twent7-digit acCWNlator. 

It two accumuletors are to be interconne_cted to tera a \111ent7 

digit acCUCill.Ltor then the tcrmi.nalll SU
2 

:md sr
2 

Of the lett haad Be~ 

l.ator are jumped respectivel7 to su1 and ST1 ot the right hand, su1 ot 

the lett h:md 18 jumpild to srl or the lett h:md, c.nd 10 load box ia plaeell 

in 5f2 of the right h::nd ucc:umula.tor. This m.:kcs the elli'i):O.OtGI tn. t1» 

tenth dec:-..de of the right hand f>CCWIIUl.ator &0 i.DtG t.li6 f:i.ra deC3de of thfl 

lett hnnd a.nd the 1 1 pulse (correctiDG pulav) p int.•t.he tlrat. decade ot 

the right hand accWII~tor. Tbe 1110" output ot the lligniticant figure nitch 

of tho ldt hand aecum.W.~tor goes to the input of too sigrdJ'icant. figure switch 

ot th~: right hand accUIIllll.ator. The "0" output ot the right hr.ncl si&nificant 

figure IIWitch gou to the input ot th;; units ducsdto of the lett bald acCUIIIIIl.ator. 

A list of connections for ten ::.nd t111renty diglt operation :.re ghea 

in tables 4-2 and 4-3. llote the,t the fl( unit or the right hand UCUIIIIJ.ator 

is not used in t•ent7 di@it aperetion. 

4.3. IID"~ER!c:.L !;1R~UITS 

4,),)., Gent;r~l description of a dE.~de plug-in unlt, 

The pulse str:nd••rdizer (tubas ll, 12, and 13) consists ess~;ntis.ll7 

or four triodes ( ll t:eing " double triode 65}!7). The. wtput or tube l2 goes 

both to tube 13 ~nd. the g::..t .. ].4,' Th~ output or 13 gO>:lS to thL di>C~d.c ring, 

In tb<: block d.iagrr.::~ the l<'rge numbers in the st.~g..s or the. ring r~pr~:sent the 

positions of th;; tub.: 111rhile the sm»ll number just outside tbc> respt;ct.ive st:,gea 

repns.::nts th~: digit corresponding to thct stage. ...rter cltoio.ring, the ring is 

s.:ttinr, at zero (for a d~tdl.cd. discussion of the opor'tion of ring CCIWiter 

circuits, see 1,2.2,). 

Rc.ceiving llu::~bers, It five pulses arrive. on tho: d.ijlit input the7 11ill 

p:.ss throu;;h th~ puls.! st:;Dd'-rd.izer r.nd step tho:: ring up to position ti"Ve, 

Pus.;s ,.ill r.·lso p:o to th.; P.'•te tube 14 but ·,·;ill 11• vo: no ,;f!uct since the 

s~cond ~ri~ or th=t tut:~ is ncgr.tiye b~ing connuct.ed ~o the ncg~tivc output 
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Vertical 1ntcrcormecter cable. (PX+l21) 
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Tbeee cormections ~ncble ~'fl7 program caatr.l 

circuit to cwse the CUI!Ifm progracml.ng circuit• 

to make the acCUIIIIUator Rce11ca chiii!Mla 

These connections ene.ble llll7 pr0£l"iolll control circuit 

to c:;, use the COIIIIIOD progrE>mr.d.ng circuits to aake t.11e 

acc:umul: tor tr~o.nsmit on A. AS• or s • 

This connection t.:Ices cere of the clea.r:lDg actioa. 

This connection provides for the correctiaa pulse. 

This COMCction in th. 51:1 end t&koli tho CfZr7 of the 
lOth dec~e into the inp~ ot tbe PU uait. 

This connection t:Jccs th.: correet.ion pulse trilllSd.t.ted . 
b7 the tr~;nsmittcr (23-25) 1n the PU-clcuo 1111it to 
th~ input of tho signific~t·figure switch. 

Terminal 18 is a grCNDd connection 1n each case. 

Note that tilt. !Dad box plugs into t~onrd.nal. ST
2 

~n~ has jumpers llhich CGDnect 

tel'Ciinab 14 and 15 r.nd 16 t~nd 17. This te.kes" th.:. corrcet.ion pu)Js• into the 

units dcc~d ... i11put. (units dec.~e of right h~nd accumuhtor 1n c:.se of t•entY­

digit operation) 8nd t.h~; 16 to 17 connection t~.kes the "10" output ot tbe 

signific£:.nt. Pitcb to the units channel of the subtrc:et. output. 



Horizonul intcrconncc:tor c!!ble. (Pl-5-llD). 
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1 ______ 1 

2 _____ 2 

, _____ 3 

4 4" 

, _____ 5. 

6 _____ 6l 
; :I 
, _____ 9 

10 ____ _;10 

11 

l2 

u 

12 

lJ 1J 

14 14 

15 _____ .15 

16 16 

17 ____ .... 17 

1B 

These connections cr.use: 2117 progrr.m. control te cau.11e 

the two acclllllul.:tors to z;.ct i.D 11Dison when receidac 

one~toe. 

Th;;se connection. CLUSC the r.cCWlllll.<.tars to act in 

unison when tr:nsmitting on ;., ..s, or s. 

This coMCiction. c-use s tt." cle:::r circuits to act in 
unison. 

J This connection ~.Ucn.s ;;.ny progr;,:a control to provide· · 

l thu correction pulae ... t it·rai.nc..l ST~ · ot either 
:.ccllllllll.&.tor. 

• 

J For upper cable this conru:ctillD t"':tu ttw out~N' ot 
the lOth decr.de of right h;·.nd .r.c:Cll::~Uhtor to 1st. clecnde 

l input ot the left hand :=.ccu1:111btor. 
I This &onn.::ction in upper c(J:l,; t<:k"s 11011 outpat ot 

I. signific~nt figure of right h~nd zu:CIIIlllll;.tor into the 
units cht>nnel of the subtr::.c:t output ot the lett h::.nd 
~cCUIIIUl:ltor. 

[ This connection t::ku •10" output ot th;; signitieant 
I fi~e Pitch of the lett b:lnd i.ccualll.!!.tor to the in­

put Of the signifiCPnt figur• switch of the rigbt hand 
r,ccumul~ter. 

T.:.n:d.n::l 1B is a ground cor.n-.ction in ill c: .sea. 
The connections 15, 16, <olll! 17 S.;rY.! no purpose i.D 
the lowLr intcrconnc:ctor c-:b1.;; (b..t"o.m tcnainw 
sul 3lld su2). 
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or the ninth st~c or the doc'-dt· ring. Suppose th::.t six 1110:re pulsea arrin. 

FDW' of these will step the ring up to position nine. The fitth will .tep 

the ring .f'rcm nino to zerc 'llld -will p!t.ss through the gate 14 setting the 

decade rllp-!lop ~nd turning the inverter 15 orr producing !1. positive pulse 

~t g~tc 19. Since the incoming digits arrive before th~ c~ gete goes an 

(sec PX-9-301) this pulse does not p"lss g:"te 19. '1'tls llhtlr pa1n .tcp~r tile 

ring from zero to one. The Clil'r;y gat., camc.a an later iD tbc addi.Uan u.. 
opening g<-t<ls 19 aDd 20. Since the tlip-tlop h!ls been set the· reset pulse 

RP (lihiclr t:n"i'Yes jlast dte.r the r:-.zry gate e<IIIICS an) 1s p;:.sacd b7 gate l8 

through tire imr.,rt.er 15 and through gc.te 20 to the digit il!pllt or the ni:Jtt 

decZlde to the lett. This is c:.llcd the deb;yed cr.rrrower. Thus• six 

plus five is elewen. 

Suppose that a dec~de registers nine and a c~r.1-0¥er arriYca tra. 

th<! next dec<>de to tho1 right. This c<ll"ey-ovcr pulse b6sidea ateppizls U. 

ring from nine to zero also passes through g!lte 14 tuming orr the inYerter 15. 

This giv<ls a positive pulse to g'lte 19 and since th~ Clll"''7 gato~ 1a still on. 

there is a carry-over to th<l next decxle to the lett. This is called the 

direct carr;y-over. If r..ll. dec:•dt•s register nine, one a:~:r have a. sequence ot 

nin.:tecn SUCh C!.J'r~overs in the C'lSe Of :: twcnt;y-di.git 'lCCw:mlator SO the 

c··.rr;y g~•tc h"s been mad.c sufficicntlJ- long to provide for this possibUit;y. 

Tr'.lnsmission .2! nwabers. The abov" dcscriptian of a decr:de urdt 

hr, s been in tel'r:JS of rocei ving nUI!Iburs. Now consider !lll activated progrc.m 

with the progr·:m switch set to AS, s~;y. In this erose the cycling puliWS are 

erriving 1!t the digit input, thGro is no ccrr;y over since the cr.rr7 gates 

A to t 47 are not open, vnd the nines pulses (9P) r~~ ~iving ~t the gstee 

21 ~.nd 22 in the:. decade. ~s indic~tcd in the dhgr•·m, norm!!ll1' (.atter 

initi'-'117 clc:.ring) g'-te 22 ie open. Suppose the .dec:>de registers the digit 

tt-.rce. :i'b!lt happens during the twenty pulse:. times ot lin ;.ddition tim~ b 



IY-15 
illustr:J.ted in the table 4-4. Note, th:t tht tens puls.:s arriYe 2 1/2 1111. 

after th;;: nines pulsu; this givt.s th;; decade ring 7 1/2 1111· ia which to 

st~p and :U.so 7 1/2 \Ill. for thl• flip-flop (16, 17) to be set.. U the 

op!irr.tion switch is set , '!.t A instctd of J.S the anq differoneo is ~t 

the 9 pulses do not app.cllJ" ::t S!<te 22 '>nd tha ll p is DOt pnwidcd• liL ~e 

the switch is set !'.t S the 11 P is provided ;.nd the 9 P appov aalT at. 

g~te 22. If tilt; cle'll' nitch ia set to C then at pulse tiD: 10 the CIII'I'J'­

c:le::r r,:lte 3pp.:::rs :~.t g:·te tube U45 and· the clac~.dca : N cl.:.'""'d back to z-=ro. 

1..).2. ~rt·l d•..:scription or a Pl4(_ Cle3r plug-in unit. 

Tb;; i'!1..Clenr Wlit. cont::ins -; binr..r;v count.,;~" to rcgi.st.n- thi; sign 

(A.!) of nu.'lbcrs. Since the bin11ry countlor is JIIUa!\ simpli;i" thL·n the decado 

counter tho= puls.:. st::mdardizer is r..lso 11impl.:r. It cont.Una tbrcc tubes in 

two t:nvelopcs (:. 6SN7 for tubll 11 and 12 is a 6V6). For a det3iled discussion 

of Pl.! counters see Tubus l to 10 ar.:~ part or tha cl..:v circuits and h:lve 'beeo 

d;,scribed in s;•ction 4.2.3. Tubes 15 to 22 COJDtll"isC tJK; trc-nsr.li.tt.!r circuits 

which trUISIIIi.t the sign indic:J.tion over th..: add .-.ncl' sulitr.C!t ·u'ioputs. Twlbes 

23 to 25 fOI'I!I :-. st:>nd!..rd tr:>nsmitt.:.r fvr the 11 pul.sc (used t.o give cOI:Iplements 

with respc.ct to 100 iDstt;;,.d of lo'l-1, iherc n is the sctting of tht: aigaiti-

cllnt figures switch.) 

Jw odd number or pulses :l~Tiving at the PK t~n-~17 counter will 

ch:,nge its nsulting pos:j.tion. ..n "ven nu.'llbcr •Jf puls"s 111ill l·~aYe it the 

s<ac :-..s it wK.s to st.ll't lllith. If th<J nllr.lbt:r r.:;3istcr<:ld b7 thil accUDul,:tor 

is P-'SitiY:l :nc! en activ~·t.:d pro~r:.m control has its opo:.r·,tion ~P~itch set to 

/,S th"n nin.:: pulses w.ill pass get<! 15. If the rt.ristered nlliOibar is minus 

th~n nine puls~s •ill be transmitted through g·tc 15 orcr th~ add output 

!iolld none 111ill g;, p::st g~te 16. 
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T&lnald 

! ! 
Pulse 

! time 
I 

Gener:;l 
pulses 

' Cycling 
j pulses 

Dac~de 
Regist.:ra 

!Fuls<:s trans. 
lover S/1 

I Pulses trllllll. 
crrer Slfi i (2 1/2 11 

l sec. lc·.te) 
• 

! (subtr::it) 

I 
(adcl) 1 

I ~ 
1 16·-~---+----"'"'1-- 3 _ _..;.._--:...· ---+' ------t 

17 CPP i 3 ! 1 

I 
I 

18 : -- ·r·---+-- 3 ----. -·-----+1 -------i 
-1- i -~.~---------r-,--------~ 

19 I 111' ! 3 --•:------'i-------t 
0 

- -+i ---+'-'7::'--t- 3 --'--1 ----+ 1!----~ 
1 

I i lst -;- ! 
_....;~----+1-""'::---;-----!-- ~ _ __,i_ 1st --~:-------t 

2 _..,_; ---';--:~~d:;-. -~~r---.3 _L 2nd--~~ -----t 
! ~ i j 

3 -41----+---t• ·- 6 ----:-·- 3rcl --+----~ 4th . ! 
: --:-----i--....;f;:;t:;:h:----tl-- : -~i- ::: ----+ :; _____ --!· 
-~.-----·~-~6th I 
6-~~--~·--~--T--9-~_~h---~----~ 

i 7th : 
7 --;: ___ _,!r-----;;;:;:----jt-- 0 _.....,;·.-----;-- 1st ---l 

: ! 8th . 

8 -+-' ----+i--;;:;:-.:---t-- 1 --+:-----t-- 2nd ---1 
I 9th I 

9 __ ..L.L---4'-;n;:-.:--+-- 2,__!-. -------1-- 3rcl:__-l 
I ~h I 

10 ! " 11 p it deC!.dC ·-------1 -----.:.., -----i-- "' ----corresponds toj 
: 1: st Big. 
I figure ' ' ! 

! -·- =- I 
11 __ ;.....• ------+-- 3 _ .......... , ---~.~----1 

r· 

~~;-------~i' --------~-3-~.---------~: ------~ 
I : ' 

13 --t'-II.~~:.P--+j-----+- 3 -"""T-------:------""1 
~ I . 3--~~------~.~ -------1 
15 3 ___ _ 

16 3 _......:..._ ________ _......: 
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V. THE HIGH SPEED llULTIPLIEI 

The high speed 11111ltiplier is a unit or the ENIAC capable ot 

taming the product or two ten digit numbers in thirteen addition times 

(;.),0026 sees,). It is called a high speed multiplier because, byiiLBkinc 

use of multiplication tables, it is able to produce a product. Bldt _... 

rapldl7 than it the method of repeated additions nre uaed. In the •thad 

at repeated addition a maxi mum of nine addition times mulrt. be all011ed tor eacb 

digit of the 11111ltiplier gi.Yiug a possible total or niDety addition times tor 

a ten digi.t Bal.tlpUer. 

Tbe method of multiplication used by the high speed multiplier is 

to 1!1Ul.tipl.7 the entire multiplicand by each digit or the llllltiplier 1D tUI'Il 

and to sum the resulting products taking into account their proper declmal 

positions. Thus, only one addition time is required tor each lllllltiplier 

digit (plua three extra adr!ition tines for operations that must be perfon.d 

for each lllllltiplication) ~ 

The circuits are so arranged that the digit or the multiplier 

which 1s b"ing used at a particular time excites a bus of two multiplication 

tables, a tens table and an units table. . The product of t.'-C single di&its 

is usual.l.y a two digit number; thus, the output of the tens table is the tens 

digit of the products of the multiplier digit and the digits one to nine 

inclusive, while the output of the units table is the units digit or the 

products of the multiplier digit and the digits one to nine inclusive. 

The USI.: or the tv.o tablu mak~.:s it possible for the partial product• -to be 

r~.:ceived simultaneousl.7 into t~o accumulators without interference. 

Since the product of t~o t~n digit numb~rs is usually a twenty 

. digit number it will be necessary to use two accumulators interconnected to 

form a twenty digit accumulator to receive thll right hand (units) partial 



proacts UJd similarl,y tor the lett. hand (tens) partial products. Thus, tor 

ten digit Blltiplication the high speed IDUltiplier 111.11 work in conjunctloa 

with silt accumulators, one tor the multiplier, one tor the lllllltiplicand, two 

tor th~ lett. hand partial products, and bo tor the right hand partial 

products. 

Throughout IIIOSt Of the discussion Of this chapter it llil.l 1ile 

asSUI:ICd thnt rlCCU!IIUlators 9 and 10 are used tor the l:llll.tiplier and ••lti­

!llic:md, respectb:;l,y, t..-~t ac:cumul.rtors n and lZ (connected to fora • 

twent7 digit acc:•m•htor) receive the lett hand products, and that acC\DIIla­

tors 13 alld 14 {also used as o. twenty digit acC"•m•l··tor) receives the r'...gbt. 

hand products. The setting of the r•!spectivc progr= controls on these last 

(two twenty digit) accUIIIIll.ators detemines whether the final product appears 

in 11 and 12 or 13 and 14. 

After the multipl.Jing operation hu been carried out tor each 

digit of the multiplier (ccrt::.in COI!Iplunent corrections m117 be needed) the 

right and lett h~d products are coll.;ctcd into one acciiiiiUlator. In ths 

fourteenth addition time (tor a t~n "digit multiplicatie&) the product IIIII' 

te trr.nsaitted to some other urdt and. simlll.t"!leousl;y the multiplier and 

multiplici!Dd. accumulators r'Jil'1' rc·ceive the next ll\l!lbCrs to be multiplied._ 

5.0. DlTROtuCTIOJ{. This description of the multiplier 111.11 be giwn in 

tems or the block diagr~m PX-~308 and the cross section diagr:ws PX+ll2 

'lnd PX+ll2A. In the upper lett corner of the block dingra111 is seen tbe 

~mltiplier selector. 'lo the right of this (upper center) is the tens 

multiplic~tion table nod. in tho:: upper right corner is t.he units llllll.t1pl1-

cation table. BE-low the table:t :.rc t!tc table g:>.t.::s which pass the 1, 2, 

21 , and 4 pulses.· &low th.: g::.tes ~.r.;, the two mllltiplic<:nd selectors, 

DDt! tor the tens tabl~: r.nd one for the Units table. The output of the 

aultiplic~<r~d selectors gou to the shitt~rs and thence to the d.igit outputs. 
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'l'bese circuits comprise 'What will be called the maerical circuita. 

To control the operation of theso1 1111111£rical c:ircu1ts there ure 

the cCI!:r.lon progr:.llll!ling circuits. The ca:mon progr•ming circuits conai.t. 

of th" nultiplier ring (located on the block diagr;;m under the aultiplier 

s~lcctor) 1 the round-off circuits (A' 46 to 49, A• to Jill 45, lllld 

Y." · 45) 1 the c0111plement correction circuits (B• 46 to 50, c• 46 to 

501 and L" 43 to 47), thll rec!:>iving cirealts (111 S, and t. U to · 50)
1 

the product disposu circuits (D" to J" 46 to 50)
1 

the clear circuita 

(A to r. U.), reset circuits (to the right or the riDg), and below tbe 

r.;set circuits a receivt.r to ct~use the product acCUJ:allz.tors to receive the 

p:.rti:ll. products end a circuit (A" 47 to 50) to c~use the collection of 

tha ri.~ht ~ left h'=-Dd producta. 

'!'her" rem~ins th(: pro;;r:;m control circuits. These ccaaist of 

twenty tour transceivers, thdr assochted switches r.nd buffer tubea. 

kssociated with e~ch tr~nsccivcr we have the toll~~ng switches: ~) placea· 

switch, b) multiplier lln!l I!IUl.tiolieand cle"r switches, r) s:l gnii'i.r.ant. ~JJ"!s 

switch, d) ~tiplier receiva s"itch,· t~) multiplicand r.:ceive switch, and 

r) the product dispos!ll switch. 

The progr~ contr:~l circuits, the COI:Iiion progr!llll'ling cirCidta, 

and the numerical circuits will be described in d~t~ in the next throe 

sections. '!'he fourth section will b:~ devoted to cz=aphs. 

5 .1. PRCXJt • .:.t CONTROL CIRCUITS. --
5.1.1. The butter .P!!!&-!!! units. as sh0101n in th~: bloek diagram there are 

two butt.:rs on the progr~.m input lines to each tr....nscr:ivcr. There are 
• 

ei~ht tr:;nsct•ivcrs locr:ted on c:.ch or the thri:P. p;-n•ls or the cultipller. 

Th~ sixteen buffers tor each p~ncl ar;;: loc'.t.t.d on t-a.o plug-in units. The 

lub~s in th1,11e plug-in uiUts :tre nunbered tr01:1 61 to 68. Note thl't tubes 

61 und 62 ~e GS&oci•tod with the first pror,r~ circuit. Those numbered 
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63 and 64 110Ul.d be !.i.ssocl~·ted with the s,;cond progr!llll circuit and 110 

forth. 'l'hill' turfer •;ystan uer,.ns th~,t ~t ~::.ost five progr~:o~:~ controla need be 

us"tl in each of the cultiplior :~.nd th" multiplica.t'ld accUIIIUlators in order 

t: rcc--ive t.he multipliers :md c\lltipl.icr,.nds for all possible .,,jt1pH.._ 

ticr.a. 

A progr:am pulse erriving on ti!minal 11, for exaaple, -.oul.d 

turn the ~f .. rs 61 and 62 en eivirlg '1 Dep.t.i.ft pg1se ;.t the recciY:~ 

switches (~e 5 .2.3). D·;pr.;utir.g upon thr.: S<ltting of thesc switcb~s 

pulses n''T be obt:.ir:ed out tit one of the t"rr.-.ir.al.s ~ to R& ancl oae 

cf lk to lk. 

5.1.2. Tr;.nsceiv;;rs. Thcs~ trm'lsCl'iv.:rs ~e st!!.r.dard, that is, the7 are 

id:mtic:.l with th-::: transcC;iVI."rs us~.d in the ~ccll!llllktors, the tunctiOD 

tr.b1es, the divid<-r, ~-nd the cor.st·,nt tr(:Jis..."'li.tter. This si.cplifies the 

prol:1ec of m·.int~ining opE:r:Jtion, since, if :.n;y one f:.Us the unit can 

bd pulled out "lJld a spere put ino 

5.1.3. i'rcp-··::t cor,tro1 tmif~. Witt\ cacti tnnsceiver there are the 

folloring switches: 

a) PV.cc•~s swit~. This switch dtot(;:rci.nes how m&ll7 digits of the 

~:~ul.tiplier u .. used in the rnultiplic'!.ti:m. Since the tine required for a 

r.ul.t.iplic;;.tion is n+) wh"r" n is the nur;ber of digits in the Dllltipl.icr 

the th requiNd for a prob1co.l Ciofl be rn.:-t"ri:!.1l.;y short·:ned if fe10er than 

t••n di~ts of the nultiplicr C!ill be used. \iith the place switch setting 

at 8 (!>s il.lustr3.ted) the multiplier rine will f:tep to stage 10 using 

eight dic:its of the cul.tiplie:r. The inverters G' 45 r.nd li' 45 being 

orr the g·.te H' 46 will turn t.he inv.,rt~r F' 47 ~rr r.nd on the next 

'lddition ti~a a CPP will p<•SS C~•t.:: F' l.B ?.nd tl-.rOU{;h tha inverters 

c• 47 ;and D• 47 will c1e~ th.~ riue to stag"' 1.3. 

b) Lulti'llit•r ~ J.:ultinlie· nd ell -:.r switches. Depending upon 
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tile 8ettfng of these switches the following four poasibili.ties arise: 

(1) 

(2) 

(3) 

•Ier Clev 
Switch 

0 

c 

0 

c 

flc2.nd Clear 
Switch 

0 

0 

c 

c 

Result 

Ncit~r nultiplier or cultiplic~ 
a.c~tors clear. 

An actiwt~.:d progr'.;m co.uses inY.:rt.ar 
J 30 to go orr opening the gec.te 
H 30. Tt>.is g"te passes the COG t.o 
th~ invo.ort~T G )1 which tuma t.he 
buffer J 29 on. The output of J 29 
r,oes directl.7 to t.be ckr.r tuber· 
2 to 10 in the P!.l unit of the 
wltiplier acCUISllator. 

In. thi:r ~se r. )1 goes orr openiDa 
the g~t.e B )1. The COG turns ott 
th~ inv<-rt;;r C )0 which in turD 
c~·.uscs the buffer H 29 to conduct. 
ThE, ou~put of H 29 goes direct.~ 
to the ~l~~ tubes of the multipli­
cand <..c~tor. 

H-1rc the imr···rtcr E 30 goes ott 
Op:!ning th .. g:;.t..:s D ~ r.nd F )0. 
As ~bovc, the cle•·r g:r.te is passed 
into tb;; t110 seta of clear tubes 
in the r;:~ctive Rl units. 

c) Signific~t fiF,'J..-.:::!, switch. Dcpenciing upon the setting ot the 

signific~t figures switch & 5 is p~t into one or th~ decades or the 1e~ 

h!llld product accunu1z:.tors. If the s-.1itch is settir.g on 2 (as illustrated) 

at the second addition ti.JIIu the die;it 5 will be passed b7 g:~te H" 45 

into dcc~de n~~ber 8 of product accumulator nucber ll (corresponding to 

digit o~tput terminal SV )~ 
. 4 

d) ~ltiplicr Nccive switch. This Sllitch detcrnines whether the 

multiplier ~ccumulator recei~s the oultiplicr on the input terrnin~s ~. 

1!, ,., S, or &. Tho progr= pulse arriving arcr li, for cx::cp1e, tuma 

the buffer 61 on givi~ ~ neg,.,tiv..: pulsu thl'ou:;h the sr;itch turning inYo=rtcr 

H 46 off (it tl".u switch is s.o:1.tir.e :\s illustr~t:.d). This causes the 

buffer H 46 (these aru th~ t~o triod~s of ~·6&:7) to conduct and the 

tr•uumlitter J to L 46 gives a procr:.n pulse out of th;;; ttlJ'Illinal R£ 1oc~oted. 
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«1 IIIII ftaat at' panel on£ • 'lld.s will normal.l7 be C<Wlected to the input Q6 

a receiwr or a transceiver located in the multiplier accwaulatar and t.M 

e"l'''8sponding program switch will be set to receive CD c • 

e) Uultiplicand receive switch. This switch operates iD a IIUIIIIIr 

entil'e}T analogous to the multiplier switch described abave, 

r) Product disposal switch.· Suppose that the product is nnal ,,. 
c;ollected in acc:umnlators 13 and 14. ~ setting of the product awitc:ll 

detercines what the pair of accumul.a.t'JI's ( .)perating as a t~ cHpt: 

accumul.at"ll") do with the numbers. Suppose the disposal switch ia settinc 

on SC (as illustrated). The pNgram which st.art.e4 the lllultiplicatiCD set 

the tlip-fiop (66, 67 in transceiver) anct so opened the g;.te 62 iD tbe 

transceiver. i.t the end of the ~:~ult.iplication the reset signal arrives, 

passes gate 62 and tu..""'UU ~rr the iaverter 6S. This turns on the buffer 63 

giving a negative &ate t.brougb the disposal switch turning ott invert• I" 4,6 

openiJtg gate I" 47. At the beginning of the next addition time a CPP is 

passed through the transaitter. E" 48 to 50 to the terminal SC on troat 

panel number three. Generall,y, the operator will connect this output to tbe 

input of a pro~am control circuit on accumulators 13 or 14, sy, and the_ 

corresponding program switch will be set to S and the clear switch to t... 

It needed, the :~ther outputs J., s, AS, •c, and J.SC, can be connected to the 

inputs of program control circuits on accumulators 13 and 14 (or 11 and 12 

it the product is collected here) and the .e.,rresponding switches set acc.n'd-

ingl.T. 

5.2. CWION PR()()tk!.llJING CIRCUit:!"• 

5 .2.1. !!!! !:!!:llhph...!!!:, rin;. This is a fourteen stage ring which controla 

the tieing of the multiplication process. Whenever a prncram control circuit 

is ~c:tivated the inv«rter H' 1.4 goes ott opening the .~:ate F' 44. This 

e;r.te then pt.sses central proGr"':D pulses thr ,u,;h the pulse st.and;ardizer 1 1 

to 8' 44 t'l step the riDGe Vlhcnever the ring is not at stllge one the 

r,ate J• 44 is open. This oasscs centrd pr-.,:r"llll pulses to the inverter 

H1 44 and thence t:> the gate G' 44. It the initial cle&r gate is on 

the CPP pasa a• 44 and step the rini; until it arrives at star,e one •• WheD 
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it ,...,::cfles stage one J' 44 closes abutting off the CPP. 

This method of initial clearing by stepping the r1nc to stap 

one is used here since, as described below, the regul6r clearillg circuits 

'F r:.te in conjunction with the places switch to clear the r1nc to staco 13 

~ .. 1.11e process of terminating the multiplication. 

Suppos~; that progr;;.a control 1 has been activated. The multiplier 

ring stc,ps (at the end of th~; next addition time) to llt.:tge t:.. tund.nc .t.t . 45 

on and the inverter B' 45 eft • This opens the gates A' 46 and 47 

which pt•SS the 4 pulses and the 1: pulse to give a fiVe in IICIDe decade of 

accumulators 3 or 4. T!·ioJ "'"~put of Bl 45 &lao goes to gate 8• 47 

which gat.:s a 1 pulse. This 1 pulse turns thoJ inverter B' ~ ott 

and thence sets the two receivers. The outputs or th~se two receivers-come 

to front of panel three. (See PX-6-304 ) • From there these gate si.gnal.a 

wlill be t'.lken b;r specbl. intr,rconnccting jUCipers· to interconnector terminals 

ST1 1 on accWllulators _ 11 and 12 :md accWDUlators 13 and 14. Inspection 

or the accumulator block dingr:.Ll P'.i:-5-.304 shows tm.t this will cause the 

product accur.mlAtors to r"c'"~·''e the p"•rtia.l products ov<3r the input digit 

tercinals ~ • This is en exaoplc or a re~eiver located in one unit operattac 

the governing circuits or anot~cr unit. 

The timing is iaportant here: 

Pulse ti.l!le 17 lB 

CPP at:~. ' 
ring to 
second 

19 0 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 

at~e 

r .. 
1 P sets 
receivers 
to cause 
partial prods. 
to be received 

. 
r • 
4P 
start 

1• p 
arrives 

Thus, in one addition tir.le the ring steps to the second st:oge, the 

product accucula.tors arc set t:> r~ceive, <:..1·i the five pulses tor the round­

orr ar" put into the proJKr decE.de. The C?P that steps the ring coul.cl 

not bu used to operate the rcc.,iv-.~rs bec:lus .. of the tir.le it takes tor B' 47 
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The next addition thle the ring steps to stace ttree. B' 42 

goes on And inverter L 1 ott opening the gatas tor the tenth dipt of 

the cultiplicr (gates I 2 to K ll). DependiDg upon th<l tenth dipt 

o~ th<l nultiplier one of the lines through the wul.tiplication tables will 

c~rr,y a negative gate (which will turn ott certain pulse gates). At the 

s·:~:~e tine inverter B1 41. will go ott caus~ the bottom row of gates :lA 

the two shifters to OJ)('n. Thus, the tens pr..rtial product will teed into 

accunul:.tor ll and the units p:,rti&l product i.at.o decades 1 t.o 9 at 

nccuculator 13 and decade 10 or accurml.O!tor :U.. Catice that t.be wait• product 

is already shifted one place-to the right. Thus, when the right and lett 

hand products are collected at the end of the Dlll.tiplica.tion no extra shift-

ing will have to be done. 

As the ring steps troll 3 to-nrd. stage l2 the gates for 

successive digits or the multiplier are opened and the gatea on corrcapondins 

levels in the shifters are opened. 

It the place switch is setting on 8 the inverter G' 45 1a 

ott opening gate H' 46. When the rin6 reaches stage 10 the inverter 

81 45 goes ott causing the g~.te H' 46 to go on ai1cl the inverter F1 47 

to g:l ott. This opens the g;;ote F' 48 Slid at the end (pulse time 17) of 

the addition thle a CPP tums the in,..rters C1 47 and D' 47 off 

clearing the ring to st.a.Ie 13 (this clEoar signal oYerri.des the steppiJig 

signal which W:luld n;Jmall,y step the ring t-J st~ge ll). The output. of F1 47 

also s<>tcs a CPP at the end of the addition ti.l!le at E1 48 which tums the 

invert<~r F' 49 ott cau.sing thil NCEoiver flip-flops to reset. This causes 

the product accumulLtors to stop r~ccivir~ the p~ial products. The out­

put of F' 47 also opens the g·~tes B" 46 ~:nd L" 47. The CPP gated b7 

8" i.6 ultinatc}¥ gives a pro;;rar.1 pulse out liS it the 1:111ltiplier 1a 

n..:gative and out DS if the multiplicand is negative. If both multiplier . 
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and aultipllcmd are neptbe 1.• 47 pte~~ a 1• pul.ae wbicb nun,. aoe• 
into the AI channel t.o acrnn,lat.Qr 1). 

;ib-an tbe riiJg steps to star- ;t.l the iD"Rrt.er L' 45 goee ott lllld 

.:·L~ I! 49. It• so. &1111 1..• 47 are opened. At t.he l4t.h additi~ t.be 

.i ,.9 ,!;">to=s a CPP which sets • tlipt1op c~using pngrl!GS 1 t.o 8 to re­

~ct.. .l.t the ss.-.e tine 1• 50 likewise causes progr<X~S 17 t.o 24 to be 

reset. ;,.• '47 ~tta a. Ci'P during t.he 14th adc!iti::a tiDe which llllll. 

gener~ be us~ t:> cjllect the rl;,;tlt. ;;-d left. t:VId pr:-.ducts. 1'1118 pq1ee 

is tr:::.C.tted t:l t~ i' ,;m the !r:.nt pr.nLl. Fr'll: there it. will be 

l~fi h~ .... pr:.e.ct t,T ~t~ 1) :!irod 14. 

St ~-e 11. '!f tt..: rir:g CCJ;OSes pr:.;;r"'- s 9 to:~ l.6 to be reset. 

:be r'...::.g ::..s l::.c:::t.ec! ~a. p=:;.el. t•> -:.! ~= -·'tiplier, s:> ~t.e ¢es 62 1D 

tr-.·c~:.: .. ers 9 tj 16 C~%1. be =;JE-r.:.-:ed ~r ,et,]T 't7 tt~ <4-tpit -:.t U. 

{-_. ::...-.: l 

. ~ , ...... 

- u. . . . . t -- l. , ... -!, ... ........ •• ·- ~ .. -- ...... ~ -·- ~::..s 1:.:.2 ~ "'··~'=-· -- ... ,.- ---- --~- - -~ 

-,--.-
-~-- .. _ 
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betweea tJae setti.Dg ;:,f the places switch ot an acti'nted progr1111 and t.be 

st:l~ ·JJI which the ring is aet.tiDg will open gate r• IJJ C&lllling t.be riDe 

t.; •clear• t'l atage 1.3 •. 

.lios wl.tlr the acCUJJUlatars there is no need t;:, illitial.l7 clear 

"?:" tr.~ivers. Any progr'l!ll pulses which get starte:d in the pr;:,gra-'ng 

circuits ar~ cl.l:;wed t.J run thr,ugh the sequence · (ill sequences are broken 

at the m.st.cr progranmer, see 10.5), and then the decades ot nri01111 unit1 

are cle&red. 

5.4. lnL_T"RRCld. CIRCUITS. 

5.4.1 ~ cultiplier selecto,t. The multiplier selectcr is an vra:y ot 

one hundred gate or c:>incidence tubes. There is a tube f'lf' each poesibla 

digit in each place or the nlll!lbt:r. \lhen the multiplier ring is at stage 

three the gates tor the tenth dicit . .,r the multiplier will be open. U 

the first digit or the multiplier is 4, tor cumple. then the static 

output or that st ::.ge 'lf the tenth dec~de or the multiplier acc:umullo.tor 

will be energized ::md th~ tube K 7 will c;mduct giring a neaatbe gate 

to the i.nYerter L 7. \'lhen this inverter goes ott tb" tubes L 26 and 

It 26 gu 'lll gi'ring a. negative sate :m line 4 i."lto the I!IUltipliQtian 

table:s. 

5 .4.2. !!!!_.tables !!!!! the ~1! gates. The 1, 2, 2'• and 4 pulses c01:1e 

fr.a the c,cl.ine unit trunk t:> buffers D 45 and 47 and E and F 48. 

Fron the buffers each pulse 1pas to an inverter and then t:> the table gates. 

Inspecti"n or the cr·~ss section PX-6-112(1.-) shows that the table netw:>rk 

is such ttu.t n-~ the sec;:,nd grids on the table c;at::s are sutticientl,y 

p:Jsitive that they pass the .1, 2, 2', and 4 pulses. thus, the multiplica­

tbn tr.b1e is a so called "c·:cpllr.l<mtqry11 t:1ble, that is, all the gate tubes 

n-.rc.'1ll,y pass tho 1, 2, 2' and 4 rulses and aN tum.~d :.tt b:y the table it 

the:r are nryt wanted. 

The di~its or the ENltiplier arc representee! b7 the h·8izontal 

t 
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lines thrJUgh the table. The digits :>f t."le aultiplicand are Eepl'eHat.ed 

b7 the vertical sroups of lines as bbeled at the t'lp of tht: table. Ill 

;.u.ltipl.ying ~ne times nine (consider one aa the aul.tiplier) the lines of 

th·~ l:,st c.>l.u!m of the units table have no c=>nnecti:>IUI t.o the horisontal 

·: :··· 1. This allo"s gates D to G 21. t:7 pass nine pulses which is 

:. : ·" '"•!l.a part 1! the product of ni.r.e aml one. In the toll! a table for 

t.tic srll:le tw? I!UO:ibP.rs ttor.re ar•· cmnnP.cticm• t~ al.! f'-:--.Jr vertical lines. 

'l'Ms neamr ttl!lt; gates D to G 4l will be cL.,sed, which is c..-rect since 

the tens ~ or the product of 1 ·tine~ 9 is o. 

New, consider six times seven. On the h~zontal line for lliJt 

in tht units table in the column for seven thert; lli'P. connectiuns to 1, 2• 1 

and 4 but none to the 2 lines. This m.ea.'lS th:'.t e&te F 23 will be open 

and will pass two pulses but D, E, and G 2) will be c:losed. ID U. 

c:,rresp·:mdiflb place in the tens t~ble there :.re connecti:ms to the lines 

for 1 and 2. Therefore, the r,ates E and G 43 will be closed while 

D 43 will be open and will pass 4 pulses. r.cotice that zero in the 

CJ.ultiplier GUSt be c(;nnect.l:ui. t.o all. Tertical lines in the table so as to 

stop all pulses frQ~;& going to the nultiplicE.nd selector. Also, note that 

zero gates are not needed in the J:llll.tiplics.nd select:>r. 

5.4.3. :!!!!:. aultiplicand ~..;.E!:!· The <>utput of the table gates ror the 

nine colllf.!ll in the tens t;lblc g.1es t::J the t :1p r"l11 -:! r.atP.s in the lett hand 

cultiplicand select::~r. The output of the eight column g:>es to the second 

r·.w, and so f?rth. There is no need r~ a units column :1r a units r011 1D 

the tens s~lector since one t~s an, digit gives zero in the tens place. 

Sini.l.::rlJ, in the units table the outpl.'t c£ thE: nines column gous to the 

t.1p r.nr :.t the selector, et ct.:tera. 

Supp:>se the digits ,-.r th<: nultiplic::nd !!N 9876S 43210 and the 

l!lultipli"r digit is six. In th~; t.::ns Stl.,ct ·,r o;at"s L' 21, K' 22, J' 2), 

••• , D' 28 will be •.1pen and will rt>spectivelJ p'lSs 5, 4, 4, 3, 3, 2, 1, 1 
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pulses. In the ur~ts selector gates L' 1, K• 2, J• 3, •••o c• 9 will 

be open and will respectivel7 pass 4, 8, 2, 6, 0, 4, 8, 2, 6 plll.n•. 

Tl.cse pulses 11ill reed through a illvertcr-burfer-inverter sequence into 

t.hc shifter. It the six was in the third ple.ce of the multiplier then t• 

:·t;s H" 30 to_H" 21 and H" 10 to H" 1 will be openill.tbe nspect.be 

oi:irters, Thus, the partial products of this st~p in the multiplicatiOD 

will arrive in the product aeeamzlat.ll's in the following manner: 

Ace. 1.2 i.cc. 13 Ace·. 14 

3ltll 00000 00000 00048 2601,8 26000 

The output of the 11hitter pasr.a~ through the driver tubes (;o" to 

K" 44, for E>xac~ple). This is qu!.te din· c.·ent f'r;:m th" standard transmitters 

used on thE> "'"tput or an nccunulat.,r (see PX-5-304),, This means that. for 

reliable operation the product acCUI'lulators sh::~uld be cl:n~e to the llllllti-

plier and or. short tr&7 with no bad b.lx used to cer1"7 the partial product• 

t.l the acCUI!IIIlat'll's. 

\'lith the intarc.Jnr.act-lr cables in use at the present time the 

partial products :ll"e received ovo.~r the ~ inputs to the nccwaulators,; 

Since the cap=-cit7 -.m the ·:.u'.:.puts •>f the driver tubes nentioned above is 

linited (for ths capacit7 li.~ts h.!re see tho operators nanual), the A 

inputs to the acc:UDulat:.rs U'!-d t•> rccc.ive the p:!rtial. products must not 

be used tor ~ other purpose. 

r.~e that rows ::~f shifter gates are opened onl,J' when the pr,graa 

rinp, is :>n st~;e• 3 to 12. Thus, when not multiplying (progr111:1. ring is 

at sta~e 1) pul.aes (pE•ssed b7 thu tnble ;:::atos and the multiplicand selector) 

are Mt p:.ssed b7 the shifter r,ates. 



~<dditbn and 
pulse tiae 

0.17 

1.17 

2.1 
2.6 
tO 
2,10 
2.17 

3.17 

ll.l7 

12,10 

12.17 

13.17 

14.10 

Operation '>r rml.tiplier, 

Descriptiaa 

• 
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Program pulse arrbes at tr~ceiYer, 
This pulse p:~sses butters (61 3lld 62, far ex""ple) and 
dependin~ upon the setting of the Dul.tiplier llftd multi­
plicand receiYe ~itches mny be tronscitted aGain• 
Gates F144, 11:146 and K11 45 (assuaing the pl.acu switch 
is at 10 and th:.t the sit_:nificant. r~ nitcb is at 10) 
are opened, 

A CPP p~.sses F1.. to step the pr'lgraa ring to llta&e 2. 
GE.tes "'' 1..6 and 47 are Jpeaed, aa :U ,;ate 8'41.-

0nc pulse pnsses r:~te B1 47 to set the 1 aad r receben. 
Four pulses and a ~nc primed pulse pass gates A' 46 and 47 
to give five pulses out ch:umd lO of Sf 

. 3 
The pro~am ring steps to stage 3. 
The output cf stage three causes the uul.tiplication of the 
multiplicand b7 the first digit of the J:lul.tiplier to take 
place. 

The pror,r:m ring steps to stage 4 l!lld multiplication b7 
the second di(;it t!lkes place, 

The progr:a rir~ steps to st•~be tin, <ond so forth. 

The prcr..r~111 rir.g steps t::, sh,::e 12, •>Pt:ning gate F1 1.8, 
E'4~, B"46 and L"47. 
:Jultiplicoti;ln by the tC;nth digit of the Jllllltiplier takes 
place. 

l' P passes L"47 and (if b.>th Jllllltipller o:..nd multiplicand 
are ne~ative) will bo! transmitted into tbe I'll unit ;;,f 
acCWIIIll.&t :ll" 13. 

A CPP passes F'48 cle~ing the rinl ta sta~ 13 
openinr, ::.:.tcs D49, K1150, and a 1147. .. CPP passes E1 48 
to reset the l ~d r receivers. .. CPP passes cate 
B1146 :~.~ad 02oy pass B"47 and/·or C"47 t? c:.use the 
complcacnt correcti:~ns. 

The pro~rt.r.~ rin;. steps t:l sto.r.e 14. Ci'P p:'.lSS gates D49 
•-'lid K"50 to set th-l flip-fl )ps E, F49 and K", L"49. 
,. CPP p!'.sses ,~~t~ i.."47. t'l be tr-nsdtted t'l procram 
the product c~ll•cti n (this nulse r.pptv-s rot teminal F). 

The COG m~~ p~ss one ~r twn ~r tht ,at~• B,D,F, or H 30 
to cc.usc the nultiplicund tJ.nd/-"r the aultiplier acCUCiul.ator 
t-? clear. 
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CPP pnss gate 68 in the activated transceiver to reset 
it and t•> tr.ivoe an ·:>utput. ;: . .--,gra:n pulse. A CPP ma7 
p.:.ss on£' "lf the gates D•' to J" 47 t() program tbe 
prr'lduct di:~p<.sal. The prc;;ran rir.g steps back to stage l. 
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VI. DMDE:R AHD SQUAIIE-RCOrEI 
• 

The di:vider and square-rooter performs the operatians o~ dividiDc 

and square-rooting ten and twent7 digit numbers. To C&r17 oat these operatioaa 

.W. UIL aml_ twentr digit. D1111ben it. makes use ot four and seven accwaul.aton, 

respectiveq. Thus, the divider and square-rooter unit itself is essent.iall7 

a progrllllllling circuit which controls the operation ot the associated. accumulat.ors. 

The process of division is that of repeated subtraction. Thus, the 

numerator is in one accumulator and the dencminatar in another. The de,.,....M'tGIP 

is subtracted untU an overdraft occurs. ·At tt.is ti• the numerator is shifted 

(b7 transmitting t.o a shift &eCUIIIIllator and transmi.ttin& back with a shifter in 

the digit line). llote that the overdraft was not corrected as in saae met.bocls of 

division used on computing machines. Instead, signs are changed and the dencao­

inator is altemateq suM.racted and added between the shifts. The qUDt.ient. ia 

built up b7 the divider sending •1 or -1 into the proper decade or the quotieat 

acc:umul.ator tor eaeh subtraction. 

The process or square rooting is likewise_ accoq~lished b7 repeated 

subtractions (the quantit7 subtracted being increased b7 two each time in the 

proper decade). Tba number to be square- rooted is placed in the numeratcr 

accW!Iul.ator and the numbers to be subtracted are built up in the denmai.natar 

accumulator. fihen an overdraft occurs the number in tho numerator acclllllUl.ator 

i8 shittud (similar to the shift in dividing) and certain correctiona are lllade 

to the number in tho denominator accumul!i.tOr and the subtraction process 1e 

repeated. As tbe process continues twice the square root is built up in the 

. denominator a"CC'••' a\or. 
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Descriptioa of tho divider will be given in tenu of the block 

diagram PI.-~A. For purposes of descriptiorl the circuits of the divider 

aquare-rooter will be clf:ri.dcd as t'c>UPu. 

1) Progm controls. The program control circuits consist of cipt 

transceivers and their associated switches. These nitches lllld their purpo•a 

areu~. 

a) !ll.ll!ll::rator recei.ve nit.i. During the first additi011 tiw 

of the division this ftitch ma7 'be used to cause the numerator accumulator to 

receive either a ar IS. 

b) Dencmin£.tor receive switch. During the first addit.iOD tilie 

of the diYision tJ-.is sw5.tcll riJ!'lT be used to ceuse d.:mominator acc'llllNlator to re-

ceive 011 a or IS. 
clear 

c) z;=.;r::l. t o r switch. At the end of the diYisiOD or root process ,... 
this switch ma7 bt. n.:.e-t to Clluse the numerator ac~tor to clear. 

dj Dencx::im!tor clear switch. At the end of the process this 

'!!i2.7 be used to cauae tho denOJ"..inator acciiiiiUlator to clear. 

e) lntP.rlock switch. This switch decidu whether or not the 

interlock ff.atu.n. is used. Suppose thb Pitch is s.;.tti.Yig on !!I. At the end 

of the diYisiOD or root process the various flip-flops and rings in tho .cfividar 

IC!u:lre-rooter arc clearlld and an output program puls.l is transaitted. U this 

nitch is on I tbi:!n this cle&ring process and output pulse docs not occlll' untU 

toth ~ signal is rf.lceivcd on one of the interlock inputs, (upp;:r lett corner of 

Pl-~304), and th.J division or root process is completed. 

f) Answer disposal switch. This switch is connected to fOIU' 

receivers and thus gives four possible W'l,YS of disposing of th~ answer (that is, 
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£11111' WQ'I it CCNld be tranllllittecl) e 

&) Round-ott &Jdt.ch. !ld.e nitch d.ecidee whether the anawer 

to the d.irisica or the aquare rooting process be rounded. ott • 

h) Division-square root and place switch. Thia switch determine• 

whether the proce~<a '!.s division or equare root.ing and. hOII marl7 -plaaes are Wlad. 

'l'hcre il a choice or £., 7. 8, 9, or 10 place•. 

2) Th'l collllr.on progrllllllllinc clreuita. ·xn the divid.er-s~ue root.er 

(as in other unit:1) ~-he COIIIIIOil JD'Ogrllllllling circuits COCFril!e .all or the circuitl 

except the progrv:~ et"ntrols (describecl above} and. tho numerical cireuita 

(described juat below). 

)) Numerical cireuita. The numerical circuits of the divider-aquare 

rooter c~ise the place ring and ite associated ~t.es (lower right hand CCII'IIU 

of PX-~304), the ?'-tlse gatea (just above and to the right of the pla~ ring), 

and the "1", "-1", ··~··, S."ld 11-2." nceiwere which open theee gatea. 

6.1. PROORAII c:oT.II.'JUI 

There 3..-e. •;igl:t standard trana~ebers _to receive the inc:cming program 

pulses. Aa in the case of the multiplier the incoming prograe _pulse 11 i..aaediatel.J' 

retransmitted to Cllllae the nuaerator and derumdnator a..•cUiiW.latora to receiwe 

their numbers 'Fithout. the loss ot t:IJ!Ie. Thie retr"'lrlaciS3icn t~es place through 

buf'fcrs located on a separate plug-ill Wlit (there are two suCh !)lug-in unite 

altogether).; Two ncb butters, 67 and. 681 are illustrated in the lower lett. 

comer or PI-~ )04. 

6.1.1. thner:1.tor and denominator ·receive awitchea 

The butters 67 and 68 (described above) feed two switchea located en 

the &ant panel, nameq, the numerator and denominator receive nitchea. Each 



ot these switches have three settings. "• J 1111ct o. fbe ~0111" outputs of these 

two switches go through inverters (114. 115. ~and &.5) to tour receivers (located. 

on two plug-in units). The outpats or tho-se receivers cll!l8 to outp:It noclwts 

located on the fr'=lnt J.an.t:l. The outpats ma7 be connfoct.ed direct~ to ttle r.aDOD 

6.1.2~ 

em; of t~,e .~ivi ei: n nr ::"O'Jting_ process (and possibly art.e,. 0.01 in\ •r!'lt'ck signal) 

wtwn c:lo:::.ring ie trkirlg I·hcc. The output ot th& swit~'l-.es (tl-"'""" out'lllts: 

nurerator, CE:::lo..:i.nao;(.r, cr both) goes to inverters C4~ t'~ u.'~fJ and \henca to 

go..t2s .\i,C• :.t..~, B<.-"!, '-•'1..1 3,-.c;. These gates pass the c~rry t>lr.&r t,~:':.e (CCG) 

t"r011gh 1 h" i:IVe...,..;.-:-:l .·.;;; ,·.rod/or B4'l Slid buffers i\46 ar.d/ur B46. This signal 

gOts eli ,·~ctlr t.a ~.h-.; c: ,_.·a:-- t~abes in the PII..Clear units or the corresponding 

aeeunul.atore ; at:~ Pl.--~-~·!). The follcncing table illustrates what happens 
. . 

with the V"'.l"ioue ,., :-t-i.•:~s 0f these switches: 

N~m. Cle&r 
Switeh 

0 

c 

0 

c 

!>enlllu.. Clear 
S.1hch 

J 

0 

c 

c 

TABLE 6-l 

Ef~~c.v 
(as tube 63 i:1 ;_,., f1'5'-~i·;~,. s:at:s 01!) 

D49 goes ott and gate BI,B pt.ss'ls a CCG through 
the inverter B47 and buffer B46 to the clear 
tubes in the nWII.:r&tcr !lecUIJillc.tor. 
H'llt of C49 g~ s vff ~nd g'ltc A49 passes a COO 
through A47 and A46 to the clear tubes of the 
denominator accumulator. 
The other halt of C49 gou ott lind gates MS 
and 1!49 pass CCG' s through 1.47 and A46 in one 
case and B47 and B46 in tho other. 
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6,1,). Interlock Sllritcb 

Ttle setting of this Slfitch determines whether t.ba 'n'erlgetr tntare 

il used or not. It this switch ia setting at an• tb8 !latter 61 (in the tran~ 

ceiur) Cai&SeS the inverter 1.49 to «fJ oa 111111 tb8 pte lr49 t'> Opelle 1'be CJIPIB 

pused here t\ll'll t.h~ i..werter 1149 otf. ta. gate 1150 1a open~d at the end ot the 

di:daian ~ equaa e rootiDg J)I'OCeaa and the CPPt s .rro. 1149 ~ passed to protide 

tile cleari.ng acfloa. 

It the interlock .-itch is setting at "l" the other halt of L49 is 

turned ott and U.S is open. In order for a CPP to get through to gate 1150 tbe 

!Up-tlop H, J 48 aust. be set opening gate J49. This tlip-fiop 1a set 01117 

when a signal arriftll a.-er one of the interlock inputs tuming an one or tbe 

butrera F 46 to t.8 or G48. (Thia pulse may arrive during the division or root 

proceas or eyen before it atart.s). 

Thus, it the switch ia set on "l" the clearing signala and the output 

program pulse are not provided until, (1} the division or square rooting procelia 

is c:OJ:Jpleted and the control ring steps dollll to stage seven, and (2) a progr• 

signal baa arrind ewer cne of the interlock input tenninals and set the flip-flop 

H, Jt.B. r'ote that the interlock tlip-flop H, J48 is not reset unless the prugram 

e011trol being used. is set to "l"• This aeans that a nwaber of divisions ;;;r square 

root. C!lf' be done and then the interlock fest\ll'e be used at the end eYBD thoucb · 

the interlock pulse arriYed during one of the earlier div.l.aiN~~~. 

6,1,4. Answer disposal switch 

This switch has five positions, fo\11' ot these go respect1vel7 to fO\Il' 

receivers and tbe fifth 1a an "off" position, At the end of the divi.aion or 

sqUIII'f: rooting pr;,cess (and lLfter the interlock signal hu arrived if the 

interlock switch 1s at "l") thf: butter 6) (in the transceiwcr) gD<is on. This 
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_, (dependin& upon the setting of the switch) cause one ot tbe iDYertera Ele6 

rtt 147 to go ott opening one of the gates C or D 46 or 47. 'lila CPP P'"ali 'r 
.. 

oae of these gates will tum the corresponclin& ilmlrtar C or D ,. or .. ~ 

·actiY.ating the corresponding receber. The outputs ot this receinr 10 direct~ 

(prodded the operat.cr awwct. tllal) to the c011111on progr•rnh~& circuits ot tbe 

quotient acc:umWator or to the denominator &CC\IIIulator depending on the iD~ 

COiiiiCtor cable used (see section 11.6.4.) The timirlc ot the operat1011 ot tbese • · 

circuits is explained in sectiona 6.1t.l. and 6.4.2. 

6.1.5. Raun~tt Switch 

The ~tt switch is a double-pole, double-throw awitch which 

determines whether the answer is to be rouncled ott or not. Olle pole ot the 

switch operstes in case of division and the other 1D case of square rootin& and 

warks ill conjunction with one deck of the root-divide and place switch. Tha 

tour terminala connect to tour ilawerters (the tour triodes ot 14 and LS) whilll 

in turn connect to tbe gates L), K), IC4, IS, X6, and L6. TheH gates pronde 

the division pulae (DP), the square root pulse (SRP), and the rouncl-ott pulM 

(D). 

6.1.6. Root-Di:ri.de and Place Switch 

Of the two decks of this switch one (the one on the right on Pl-~304) 

detemines whether tbe proceu is t.o be diviaion ar square root.ing. 'ftd.s deck 

takes the output. of butter 61 1D the transceiver t.o t.he raund-off IIWitcb described 

above. The other deck deteradnes how raan,y places the answer 1a to contain. This · 

switch bandles two jobs. . This means that. the number of places used in a dirisioa 

or a square rootiJI& is restricted t.o It, 7, 8, 9, or 10. 
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6.:Z. Til& CXIIIIOR PROCIWDIIRG CIRaJITS 

The CCIIIIIIDfl programming circuits. 11bich censtitute most of the di'ri.cler, 

will be di:rided into sections as indicated beloll. 'l'bis subdi'ri.aioG 111 a los:fcaJ. 

.... that is division is with respect to the purpo• ot the .,...inbP~ 

IIIII llCit with respect to ~cal location. To a. .,.; dM'able ext.ent tbU 

cliwisian is indicated on the block diapa= P£.~1J4 b7 the spacillg betweea 

cirCuits. The subdi'ri.llioa. ..: 

a) The pal.!e narce circuit; This circuit centers around the pqlse 

saurce f'lip-fiop E 4 and 5 located to the right of the program control circuits 

ca the lllock diagram. The circuit extends up to Blld including the gates L), 13 

to16, .. L6. 

b) The program ring circuits. Tbe prosr- rillg is located on the 

awer' lett portion of the block diagram. This ci.rc:uit includM the program 

~ flip-flop A • B 6 and the associated gates. 

c) The sign indication circuit. Tbi.B circuit (located. ill the upper 

Jiett. ba..'lll. corner of the block diagram) includes the denCIIIinator flip-tlop. the 

amerat.or ring1 and the sign indicating matris (jut below). " 

d) The over-dr:lf't circuit. This circuit determines when the IUIIel'&tor 

chm._.-es sign
1 

that is
1 

when there has been an owadlafto This circuit is located 

at ~ top center of the block diagram. 

e) The add-subtract circuit. This ci.rc:uit .programa the trial additiaas. 

or S!Abtractions and ill located directl.7 under the n~m~erator ring and the sign 

ir.:fintion circuit. Its left hand part consists of t.be R11 receiver and the Dy 

i~o!l 0, receivers. The right hand part consi&U of the D8 and D1 receivers end 

tb: usociated gates, inverters1 and buffers. 
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r) The round-ott circuit. The round-ott circuit is located practic~ 

ill tbe midst or the add-subtrnct circuits. It consists or the I"'UUICS-otr tli~ 

flap L 11 and 12 and the ·associated gates and inverters. It includes tile clltft 

Gil, !IS, El), and Fl3. 

g) The root correction circuit. This wc:uit. 1.; usent.iaJ.l3 the 

receiver D., and the root reset 11nea. 

h) The shift circuit. the lrld.ft circuit is below the overdraft circuit 

ar.d to the right or the pulse source circuit. At the time or over-draft it 

causes the JU~~bor in the numerator acc~tor to be transmitted to the shift 

acCIICIII19.tor :md then to be tran&llli.tted b!lck agtdn. A sbitter is used on the 

inpllt (m) to the numerator accumulator so that the nUJilber is shifted one place 

to tbe lett when it COI!IeS back from the sbitt acciDUl.ator. The shift circuits 

ce~q~rise the Smr NA, SA, and lei receivers and their associated gates and iD-

i) The clear and interlock circuits. The clear circuits are locatel!­

ill the upper lett hand corner or PI.-1~304 to the lett or the program ring. 

Tl:cse circuits detennine when the division or rooting process has finished and 

(depending upon the setting or the interlock switch of an activated progr• 

control) perhaps when some other sequence of caDpUtations is finished (as 

indicated b;y the output progrem pulse ot that sequence arriving over one or the 

kterlock inputs). Since a division or root process is o!' 'Wiknown length this 

!ll.lews the operator to carey on other cocputt.tions simu.ltaneousl;y and then to 

follow with another sequ~:nce ot computations onl;y when both the division or 

root process and the other sequence are cCDpleted. 

6~.1. The oulse source c:ireuits. 

Th~ pulse source tlip-tlop is llDI'IIIe.ll7 in a state which causes gates 
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I 

P4 and F6 to be open. The fll.p-tlop is in thb position etcept. for period III 

(see Pl-10-305 or PX-10-306. the division and square rooting time tables). Tbus. 

IL·ing pariods I• II, and IV central program oulse.s pass gate F4. go through the 

ir1Yert61' G4 and the cathode followers G3 and 114. This produces a general pulse 

(GP) which does the following things 

(1) goes tc gates K6 and L6 to produce a dbisilllf. pii1R (JP}. 

(2) goes to gates L) and It] \.o praduce e. square root pulse (SRP), 
, 

(3) goas to gate A? ta dear the prog1 w riac. 

(4) g.oes to gate B7 to set the program ring fll.p-tlop; 

(S) goes to gate D9 to produce a 11P" pulse which causes an. add­

subtract C1C1e to take place (see the time tables PX-1.0-305 

and PX-1~306),. 

(6) goes to gate E9 to cause a shi~ eycle to take place, 

(7) goes to gate Cll to produce a root. reset pulse. 

(8) goes to gate C9 to produce a "P"·pulse which starts another 

add-subtract cycle atter a shift cycle is completed• and 

(9) goes to ga.to D6 (top of drawing) to step the numerator ring and 

set the denom1115.tor fll.p-tlop in case of negatiw signs. 

The gate F6 pr.ssos the one-prima4 pulse and during a shift cycle 

this pulse passes g£.te 1.4S to step the cpotient pl.e.ce ring. Uaing the l 1P 

here allows extra time tor the quotient ring to step and set 'UJI its arr&7 of 

gates. 

Wring period III the fll.p-tlop E 4. S is set. This opens the gate 

F5 and the central prognlll pulses pass the inverter GS and the cathode toll011er 

Al2 to produce a third period pulse (IIIP) • This third period pulse doe a the 

following things: 
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(1) goes through the butter Cl2 and the inverter DlJ to che a root 

reset pulee, 

(2) goes to the gates K4 and K5 to produce a round-ott pW.e (liDP) 
• • 

(3) gnes throu§h the butter and inverter Al2 and the butter A1J to tt. 

'

, pulae nandlll'dhcr of t.he program riJJc. 

The pulse soo.a.rca flip-flop ia set durlng a shift sequence by a pilH 
. f passing gate E6o Tt-.is ga~e wUl be opened b7 the inverter 1JS0 guing otr. _. 

' this is caused b;r a coincidence 'b&t.weea t.b& Mt.t.iu& at the place switch and tba 

' 

posit.icm et t.he quot.i.:mt. p~ riD& u detected b;r one of the gates A to C U. 

' 1.42• or Altl. Thi5 !lip-flop is reset either b;r.~e program ring reaching atace 
snen and opening gate F) to pass a CPP or b7 a Cl' pulse arri'ring at tbe batter 

F) frca the clear circuits. The Cl' pulse resets this flip-flop when initiaUy 

clearing whereaa the CPP passing E) indicates the division or rM>ting 1a caap1.ete4 

and b;r resetting E4, 5 prevents tho program ring fi'OIII stopping \llltU A, B. C la 

reaet and another program control 1a activated.. 

6,2.2. The progrnm ~ireuits. 

Normally (after initially clearing) the program ring flip-flop (&,. B 6) 

cauaes the gates AlO ard All to be open. Thus. as the process of divisioa or 

aquare rooting starts tha DP pulaes or the SRP pulsea pass one of these gates 

and (going throo~h the invo..oot.er Al2 and bu!'fer J.l) to the pulse st!.lldardizer) 

step the program ring. In two addition times (see aoction 6.4.1.) the prosna 

ring will step to stagu one. Tbe outl'ut of thb stage opens gatea it.? and 117. 

1..7 passes a general pulae (GP) which turns ott the invertor A9 clearing (tile 

elc3r signal overrides ~ stepping signal) the program ring back to atace one. 

kt the same t~e a GP passes gate 87 to set the program ring flip-flop (a, B 6). 

Thb closes the gates ..010 and 1.11 preventing tho division pulsoa (DP) or tM 
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Jlllll" raatillg pulses (~) fran stepping the program rinc "Baino After t.bis the 

p-agram ring re:I!Ains ir. stage one until the _t.hird period pulae (IIIP) is promced. 

Die IIiP will t.'lt.n C3ll!C th,:; ring to step through rll nine positiOI'..So 

Tb:~ ·p·Jr-i·i.j C.lt:o: .>~· !;.• .e progrlllll ring at all times ie listed 1D the 

Qiy:!siar. a.r.:l cq•au 1 r%tbc t!Ju.:E tables PI-10-305 and PX-~306. 'l'he ran= 

~ tabb gi ... .;a t.tu ~~-:.-!:•. >:Z e~:;.ch positi.CIIl ot the pi'OP'lllll riug, 

---------------.fUriod.....-: . ......,....,..I-----------

' 
B 

1 

---------------------1 
Di "tisiDil 

c;et;.(' t:. ;_~ .>pen<Jd to pass a general 
pl;l,e {.:~: through the inverter D5 
to 1.1>' ,:;••:.~s Kl and Bl t.o set the 
r.tr.nl c.~cr birmr;y ring and the d­
iLatc.r f~p-flop ill case or nagatiYe 
sic'~. 

(1) C?Enl! gates ~7 and B7 to clear 
;:ro;y .!1'\ ;:-~;·3 end to set the program 
:-i.,.. ~~ .!.?·· f.lcp. This causes the ri.ng 
' c r.:::.e . .r to zero and rem.dn there 
t:ni:.~J .;::t r iod III. 

(2) C;:J•·r-1 gate B8 which passes a 
di·~_f:br. pdse (giving a P pulse) 
5ta•tl~.[; t.!:-' first add or subtr:s.ct 
,.1t:-._e ~rr·.) .. 

~aa&.re rootw 

Same as for division. 

( 1) Slime as tor 
division. 

( 2) Opens gates 18 anci 
r. 7 . Th ess pe.ss square 
!'~.,..ino; ~".alsea (SliP) 
¥!hi•:h c:<o.J!le •1 to be 
pla::ed in the denorti na.. 
~cr aceumulator to 

process • l 
!!tart the square root 

·-- ------_..!...--~ 

.. ··-

!'1.1 ¢.3 .&I z. 55 ~.P K .I A.C.tl.- 2. 1.(. 5 !&IE. .:a .s: u _a 2 w 46 
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Period III 
( ;)pe:at.ion is ACle in division c::- sqtiiU"~ ~"''cl;!ng~ 

···- ---------·--· 

~e'-? ..;!..te Clf to pass a ~ palae (RO~) girilta ~. 
f "~"" which starts the add or subtract pr·""Ca:'ls. 
Getr- r.6 ~ opened but with no effect si.-lce ,..,:~eral pulaea 
(G?; ve 1iDt Jll"'ldueed in tbia period, ., ~ 

.N!! e<"!'ect since GP, DP, Cll' SRP pulses are not prolduced 
tb~ ~od. 

Cr: .:-:o:: gate D4 to pass an ROP giving a reset pulse which 
t.-s.'CL'l;.tea the add or au!.tr~ process started above. 

t'il=na gate Jl) passing an ROP throush the inverter Kl.3 
to gate 112. In case of no over-ct.•al"t Kl2 passes this 
plilile tl".rougb the inverter Kll intc tile rnund-ott circuits. 

Ct~aus L 50 which pu.se.s a CPP to th-.. clP.<>.r ci:"cuita and 
opens E.3 resetting tbe pulse source !ll.p-flop. 

£:.2.3. The Sien In~-:atioa Circuit 

In division this circuit (wbicb consists ot the g~t·.:, ~l, IC, Lla 

the flip-tlop C 1 and 2. the bi.Dary rillg H 1, 2; and thG Jll."\~ rix of g~tes Dl, 

li2, El, E2) detects the illi.tia.l si.gDs of the numerator and dtm'XIlinator D.Dd. 

thus, detendnes whet.bel' tbe dencainlat.CII' 1a to be added or subtracted and whether 

•1 or -1 is to be put. into the quotient. In the cas~o~ of square rooting, after 

the p!'OCess 1a started tbeae circuits aern axa.ctl.y the same purpose ea 1D 
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dinsion; tbat ia" _after an OYe:r-dratt the arithmetical process IIDISt be changed 

.crca 'lddition to subtraction (< r rice versa) lind the sign or th'l t..,, s added 

of the lliii!1Eirator accumulator causes gate ttl to open. Thus, when t.bu ~rograa 

ring steps to stago B a gomeral. pulse (GP) passea· gate D6, tur1111 the· illnner 

i.;i of! and 11117 pass gato:.s Bl and Kl (depending upon the signs or the numerator 

31'.d deneminator) • 

Thull, after ~~., prog:o~ ring has reached E'tage B there uoe twr 

possible situations .:!&. :.ilm:trated iD the tollowir.g t<ibl!l. 

TABLE l>-2b -
---e.-at.,- I L.!nc.'IL~..r.?~r lillt.rh .ilcs arr-·-----

im Stgn_ F.!lte oa ------------4 
• I 

... n 

• 
I 

• - Dl 

- • E2 

- - D2 

I 

•.s <-.Ali. ...,...... ........... ··. ~- ~ ~·· ....... ,., -;. .. ·.·.···~"'. 

· BlO, G8, El3 ~-r· .. c.:,.:E.n • 
BlO passes a. p lll::e l !";;o_r.~ ecttt the Ds 

n;· t~ •. c!.·"'x.!n:!.to,. to receiver cc.u::i 
be subtracted. 

au. HB, Fl3 
will be added. 

au. If!!. Ell 

BlO, G8, El3 s.. 

-=-:::_ _______ .. 1 

. .£}54 ;a:t 11,4 .l!hJ!%.4.5 .: _a 1 .a .14 IS I 4. 04 
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~Cote \11M. \be arrqcmant of the gate tubes 111 tbis circuit b not 

• the ulll&l plan followed el.aewhere in the ENIAC. Usuz117, there 1a u iDYerter 

f t.etweeu two gates. It the first gate tube begins to oollduct it ciiiUies the 

4 iPer'tcr to go off • The resulting positive sip..'\1. c~es the second gate tube 

~ to.conduct (assuming the other control grid is Bllftic:icat.q positi'n). Here 

4 in the sign indication circuit (the same 1e true in the werdratt circuit, see 

f section 6.2.4.) there b no inverter between the gEte tubes. The plates of Kl. 

.4 and D2 are connected to one control grid; ot the g&te tubes Bl.1, 11!1 11114 I'll. 

' . ' . f Thus, it gat., Ia. or D2 is conducting th>~ grids of the three ga~e• 11r11 held 

f 
f 

' I 

bel011 cut-oti' ancf none of thea can conduct.. OD tbe at.ber hand, it neither 

El &ad ll2 are conctucting then their plate potential is relativeq high and 

the gates Bll, HS, and Fl) w1ll ccnduct it a relat.iveq positive signal is 

applied to their other control grids. 

Note that the denominator flip-flop is ch~d onl7 at the beginning 

o! the process, that is; it does not change its state C:uring the process ot 

division or square rooting. Db the other hand, the o~ator ring is stepped 

at the lt.art tor negative n11111erat.ors and, iD &IV' case, is stepped duriDg each 

shift. sequence. At. the end oi' the process the clear puLse (Cl) arrives fral 

the clearine circuits and resets the i'lip-flop aDd clears the ll\llllerator binarJ 

ring. 

6.2.4. The over-dratt ckcuit. 

The over-dratt circUit. is another matrix or gates similar t.o that 

in the sign indication circuit. This llllltrilr. is fed tT t.be output ot t.be 

n111:1erator ring and b7 the static outputs ot the Bl rir;g iD the numerator 

&CCIIr.lulator. The setting of the n11111erator ring ia fixed ct.arinC the process of 

addition or subtraction (in both division and square rooting) and its ·setting 

J !& . 14.1 .£ 3 :Si£.0 .!.;t.4!. ]. .. !Q$1 AS! IS .\ S!) 3 l 1.5 II &21 P .. au 



VI-15 

deplllld8 upDD the ori&'nal e:lp at tbe IWI»>'&tor and tile maber of' ahifta llblcb 

ha"' oCCUI'tlde When the HI d.gn of the n\lllerator chqea indicatillc u owero­

RatL t.ba at.at.iA la'da t.o tbe cwel'dn.tt circuit chance thell' potential cauq 

a d1tf'erent gate to ccmckct. 

'- expiained iD ~be next aectica (6.2.5.) the adcl-aubtract c,.:le takea 
• 

bo addition Umea. TlmB., there 18 a tllll addition time- atter each trial adclitiOD 

or aubtraction tor the HI atatic linea fi'CIII the n\lllerator acC'•"etar all~­

ewer-draft cll'cuita to set up. 

Thua, the sign indicat.icm cll'c:u.ita J& 141" the aign of' tbe denaainator 

bJ the clenclll1nator fllp.rlCip (remains uncha.Dged t.hrougbollt the whole pi'OCeae) 

and the Si£11 Of' the numerator (b7 the lllllll8rator binar7 ring) . ( chqee after 

eaell over-dratth and the over-draft circuit detecta a change in sip of ta. 

maerator (or radicand in case ot aquare rooting) • 

Attar the program ring baa reached etage B (in period I}., allolling 

the D\1118rator ring to be stepped it necess1117 • gate G2 will be concluct.ill& it 
·. - -

the n\lllerator is polld.tbe .or else Fl in caae the maerator is negatiYe. Thea 

gate Dl2 is closed and gate Dll is epen. Gate Dll being opcm leada to the 

productiOD ot a pulse P which cauaes the adcS-su'bt.ract c,.:le to take place. \Ilea 

an OYerclratt occurs F2 or Gl is conducting., cau.aing gate Dll to close and Dl2 

to open. Thia leacla to a shitt aequence, that is the numerator ia aent to 

the shift acc\llllllator and then transmitted back through a ahitter which -e• 

it one place to the l.ett. 

6.2.5 0 The add-Silbtract circuit 

The aclcl-subtract circuit consist• esaent.iall.T ot tive recebere and 

their aasociated gates and inverter a. Theae rive recebere are (l) DA which 

programs tho denminator accuaa&lator to trBillllit the clenlllline.tor war ita add 

.. .u:;;,:c_: i!..ii$21!55$2. &kl.l-i2S.J.EP·_ a;z;u a. A t . a e ; e a s:c: .... e a :. 5. 



a~&pllt, (2) 118 which FGgn~~a the denclllinator· &ce\DIIlatar to tran.d.t ta. 

delltlllinat.OI' onr the subtrDCt. output, (3) ~which progr8118 the maaratar 

accwmlator to receift OD a. (tbia receber is on the gate chassia iDstllad ~ 

111 a plug-in unit), (4) Q_. llbicb PI'Op'lllllll the q110tie~ accllllllll;.tor to receiw 

111 y, and (S) », which prop-au tbe deJIIIIinator to receive Oil y. Recciwr ~ 

is uaed onl7 in the process ~ dbisioa. and receiver ~ 1a uecl on1,f iD ta. 

process or square natiac. 

At the start or all ~dd-subtract C7cl.e a P pulse pasaea &IIU B10 ar 

gate Bll, turns ott tbe iDverter Bl2 or BlJ, and acti'l'l!.tes the n
8 

or tbe D
1 

receiver, respectivel.T. Tbeae reeei.va a.n res;.-t b)- a signal traa tbe butter 

C5 or the gate D4. U tbe reeeiftr Ds 1a activated the fast butter oat.put. 

frca a cathode tollaer goes (b7 •a:r of interCOMectinc cables) to the c­

progrilllllinc circuits or tbe clewwinator acciiiiNl.ator cauainc that acC\BUlatar 

to tr'llllllllit over ita aubtr:u:t output. The slow output or the Ds receiver COM 

through the inverter Cll and opens the gates Gll and Gl2. The receiftl" D1 

operates in a ailllila.r ~~ADDer cauainc tbe denclliMtor to be transmitted ewer ta. 

add output or the &Ct"lll!•lator and tbe gates Hll and Hl2 to be opcmed. 

The sane P .,W.e •bich cauea the D1 or Ds receiver to be actinted 

also activates the 11a, receiftr (C, D 7, F:/1 F?, D8). The ~put of the cat.bocla 

follower F7 goes to the eacnon progrlliiiiDing circuits of the numerator receber 

lilld causes it to receive em a.. The slow output goes throug~ the butter llllll ~ 

verter E7 and IB to 'JI)ea tbe gates L9 and Ll.O. 

L9 or Ll.O pass square root plllaes (SRP) or divisioa pulses (DP) llbicb 

set the D, or ~ receivers, respectivel.T. The division pulse (DP) llhicb passea 

LlO to set tht~ Q,_ rccciv..r also passes Gll. or Hll to act the •1 or the -1 re­

ceivers in the nur:aerical circuits (see seciion 6.).) Similarl)', in the proceas 
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or aquare root.iDg the SRP which aetbate~r the Dy PBeebft" a!IICJ paaaea Gl2 01' 

Rl2 to set the +2 01' the -2 recebu.,. 

!be. .X. lluaer wtputs of the n., and the Q receivers join and 
y 

canneet to the pi.ct ot the iDYertcr ClO. Thus, •hen either n., or Q,_ is activated 

the inverter ClO will go ott, the butter E6 on, and the inverter F) ott pviJI& 

a poaitbe signal to ttle gates J)U and Dl2. It this addition or subtractioa flid 

not. produce an overdraft gate DU will be open, the inverter DlO will go ott opm­

irlg D9. This g&te p!lssea a general pulse (GP) producing another p pulse which 

stnrts another add-subtract cycle. If there: !las l:een &n overdraft then gllte 

Dl2 conducts str;..rting a shift c;rcle (aee section 6.2.8.) 

6,2,6. The round-ott cireuit 

The 1'0\Uld-ott procedure consists of subtracting the denominator trca 

the nUI!Ierator five tines (in tt:a case of square rooting, twice the square roo\ 

is subtracted five times traa what remains ot the radicand in the IIUIIIeJ'ator 

acCIIIIIUlator). If Ulare i:lt "-~~ over-drlltt nothing is done. If there is no onr­

draf't the~a, depending upon the signs and whether the process was division 01' . 

square rooting, a •1, -1, •2, or -2 is :added to the quotient or to the den~ 

tor (twice the square root). 

The round-oft procedure occurs during period III (see Pl.-~305 and 

Pl-10..)06) which i8 inaugurated b:y coincidence between the position of the 

quoticnt-plrace ring and tho position of the root-c:livide-placea switch as detected 

by one ot the gates A4l, 841, cu, A42, or &43. The subtraction (or addition) 

is stmed b;r a rOUDd-ott pulse (ROP) being g.r.ted b7 C8 when the program rtnc 

b at stage B. This active.tea the !Ia. r..nd tho DA r Ds recciv~:~r (the Q, or n., 
and the tl or !2 receivers are nOt activated since no DP or SHP pul~~&~a are 

JII'Oduced in period III). Since general puls.;s are not produced in this peric•, 

the DA or Ds and the 11 roc<:ivers r.re not. reset until the ring reaches stage 5. 



n-• 
a that time a reset signal is produced b7 an ROP pulse being gated b7' D4. 

lhen the program ring reaches stage 6 1111. .. paise is gated b7 ru. and it 

there hu been no owr-dratt. tbb pal:se b passed by gate 112. 

the di'llide 1PDDt nip-t'lop I'QIIIllllbers whether the process was square 

roOtiJig or di.vision and accordi~ decides whether to send !1 or ! 2 and 

whether to send thtD to the denaninator accumulator or to the quotient accmnul ,_ 

tar. 

In case of division the pulse which 1118.7 be passed b7 gate 112 passes 

r;;.te JlO to set the a, receiver and it passes gate JB to ;;ctivat" the +1 or the 

-1 receiver (depending upon the signs this pulse may pto.ss gate G8 to activate 

the +1 receiver or else it would pass the g&te HB to set the -1 receiver). 

6,2,?. The root correction circuit 

In the process of square rooting. art.er an ovel'-drart. has oec:urrold 

it is necessarj to correct the nw;:.ber appearing in the denaninator accumulator. 

In the case of a subtraction cycle the IIUIIIber being subtracted (that is• the 

1111:1ber in the denClllli.na.tor accllllllllator) is being increased b7 two each time. 

After an over-draft occurs on.-. more two is added on,then one l!lllst be subtracted 

at the sliCe place and another one must be subtracted in the next place to the 

right. It it is an addition cycle, then two is bci.ng subtr&c:ted frllll the 

llllr.lber in the denominator eP.c:h thle• and after the over-dr~J't one more two is 

subtr:;.ctc:d• ttwn one is added on and r.mother one t.dded in the next pl3ce to 

the right. 

The circuits are so arranged tbat there is al\ta:rs one 110re "t•o• 

added or subtracted atter the actual over-draft occurs. The root correction 

eirc:uits t:!ke cn.re of the adding or subtracting the •one• • 



After an overdraft occurs a general pulse (GP) passea gat.e JW 

st~.rting tho -~itt. process, o~ ... -t.ting the flip-flop (~. F 10) of the m, ICI ':nr, 

w! passi-YJg g~tc !-19 • r G9 +.o s"t tho +1 or the -1 rcceiWI!r. Tbo::e recei:nra 

r~ •octiv~t·ltl !:;;~ two addition t.hlo~. lli.nce the I'JOt rent sign:ll. is not. 
• 

produc:e1 u'ltil t~(; :1; 'Y rec'3iVE•r is aet., opElllirlg pt..a cu. The quotient place 

ring is ~-ut.c-~'t·:-.ic,.lly :n.eppecl (b;y gt:Lte 145 b~oing opened) in bet;~teen, so t.hat. .. 
tile t'ir!rt. -l. ~~· i.n!.o one pbce in thd anner and the next cne gees into tbe 

;:~ pl!'.ee to tlr• ri,T.t. 

\Then an crtcr-llr'li't occurs g'lte E9 is opened. This pess;.s a general 

!J.olse (GP) which goes thr::1ugh the inverter F9 Uld sets the H1 ;,n~ the S
11 

receivers. 

Tbele receivers causP the nuo:.c:.-Tat:ll' to trans;nit on add &nd clear, and the shift 

a.eCIIllll.ator to receive on 11. Tho slow butter output of the s4 recuiviJr goes 

tt~h the inv'3rter L8 to three gates. One of those. gr.tes, U., passes a 

eentrtol. program pulse which steps the nlllll.:.rator ring changin£ t.he. Bisn in tae 

sicn indication circuits in prep3r:1tion for the next r.dd-SIIbtract qcle. 

i.nother"c:;'!l.te, 145, pcsses t:L 1' pulse (l'P), cc.r.dng .f'riZI gate F6, 111bich goes 

to tha pulse standardizar ~J, .U and thenCtil t.:~ step thd quotient plAce ring. 

The tt:ird r:ate, K7, passes a central progr:!.l:l pulse which actiwtes the SA and 

the 11'a receivers. These recr:ivers c:.use tho nur.bdr now in tho shirt acc=ulator 

to be trr.."'&r.'itted L"'d cleared and received by the DU!3erator acclll:llll.ator. 
-

Tho sl~w butter ~utput of ~he H' 11 recciv~ gees through tho inverter 

ClO tc open the p-.t.1s C9 ar.d cu. C9 passes a ~;enor~ pulse (GP) to pr:)duce 

ll P pulse which sta.rt.s tho next add or subtract· cycle. CU passes a general 

pulse to prcduce a root NSO:.t pulsl) which is essential to reset the D'y and the 

+1 'lr -1 receivers in the case ::lf square rooting. In the C!lse c..f division this 

circuit is n:.>t used sinct~ divisiun pulses are passed by the butter Cl2 to pro-



dllce a root reset pulse each addition u... 
6.2.9. The interlock and clear circuita 

• 

These circuits consist ot three tllp-tlops and associated gatea an4 

iJwert.ers. One tllp-tlop (H, J48) reaecbers whether the interlock lllpl baa 

arrived or not (the interlock signal b the Olltput progr& P"'" fill! t.ba lut. 

operstion ot the sequence ot computations which goes on aimW.taneoual7 with the 

root or division process). J.nother flip-.nop (It, Z 50) reaembers the tact that 

the division or root pr:x:esa ia fiaished. These two tllp-tlops opeD gatu. J49 

and H50 •hicb paS& a central program pulse seriallT setting the tlip-tlop G, F 50. 

1be interlock tlip-tlop H, J 48 nay be by-passed in case the interlock switch 1e 

set at "NI". In this case the CPP passes gate 149 instead ot gate J49. The 

pille passed by H50 resets the tlip-tlop 1, J 50. 

The output. .,f tllp-tlop G, F 50 op~ns gate 63 in the activated trllllll­

ceiver and gate F49. /. CPP passes gate F49 and the inverter !49 to provide the 

Cl1 pulse. Thus, CL• 1a a positive pulse. In some places a negative pulse ill 

needed tor the clearing action so the Cl 1 pulse goes through a butter 148 to 

produce the Cl pulse a negathe pulse. 

The Cl• pulse does the following: 

( 1) Kay pus gate L4S (depending upon the position ot the correspond-

ing interlock switch) to reset the ·interlock nip-flop H, J UJ. 

(2) Turns on the butter AS callsing the program ring to clear back 

to stage'· 

( 3) Turu on the butter F3 resetting the tlip-tlop E 4, 5o 

(4) 'l'llms on the butter Cl3 producing a root reset pulse which 

resets the D receiver (E F 10) and the •1 and -1 receivers • .,. ' 



!he C'l palse cloes the .tol.l.awing: 

(l) Resets the tll.p-tlop G, l 50. 

(2) Resets the denomin!l.tor tlip-tlop c· 1, z. 

n-a 

(3) Turns ott the inverter K2 causing t.ba ~ "-7 t.o 

·be cleared. 

6.2.10. The initial clear 

The initial clear gate opens gates ESO end JU.B. 1:,50 paases a CPP 

to the inverter E49 prodw:ing the Cl• pulse (see abcwo). 11ae CL' plllae not oa17 

passes buffer ~ to produce the Cl pulse but also passes gate 11.8 t.o reset the 

interlock flip-flop H, J I.a. The action ot the Cl and Cl' palsea ill tbia case 

is exact}7 as described :l.n the section above. 

The numerical circuits cCI!lprise the quotient p1ac:e r.lDc aad its 

associated gates, the Ll, -1, •2, and -2 receivers, the pW..se gatea. All ot 

these circuits are located on the lower right hand comer ot tbe block diacr• 

Pl-10..304. 

6.).1. The quotient-elace riM 

The quotient place ring causes the ~l or !2 -.hicb go to make up 'be 

quotient or the square root to arrive in the proper decade ot tbe quotient 

or denominator accumulator. Also this ring causes the dirisian or root pro..:ss 

to be ten:dnated when the proper number ot places (as deten:dne41 b7 the divicle­

root.-plaee switch, see section 6.1.6.) in the answer haYe bL._ ea:IJllll.ed. the !1 

and !2 receivers. open combinations ot gates which pass groups (of the 1, 2, 2' • 

4, or 9 pulses) of pulses which repreaent the numb;:rs •1, -1, •2, or ..:z. 

The static output ot each stage of this ring g010s c11.rcetl7 to one gate 



tube and through an invort.er to another gate tube. Thus. •st ot tbe gatua 

Cll)llll-~r.t'.ll! to t~e :·i.nr: J.!"a l"t:-~lJ..y "rert ~nrl :.t-.os'l connect"d Tia tbe inverters 

II'' nr.r;:a; llj clos·-G. l'!Jc. ::-' .... ~g c.t."s·~·· ~r s1~:1g.1 ?:te (tube CJ). '!'hen. r.onaall7 

(ill"t;:r 'u.it.!.llliT t:b~b~) (?:ltc. 1\;.;: Y:'!.l:;. be oper. ar.d ~ cf tl!e g,.tea B42 to 

w 'T'.l":. i:.J c;:;F'Il r•:r..O:t:!p; K4.~. S.s u ... rir.g eters t-hl"lugh ,~~· positioaa. one 

l!f til; -~'·t~F I!l/3 .. o :.1..3 il! r-h3.ys t-p•Jn, end ~u. cxcer<;. O!le ot the ::st.es Bl.l to 

!n ::.he. ~c 11.cl'i:::..g c!iseussion USID' that the C(UIIt.i.eS ;al~c :illg is at 

s~"!!~ 1 '·~ t'::~ ~"-"' ;•, 'llitl?r-:: the receiftrs •1. -1. +2• 8lld -2 Pr.~ e~el: t.ctivated 

~<ill be diso:~ascd 1n ~r~.:~c:.ss1011. 

(1) +1 recllivt.r is. acti.vated. This causes gate 14£ to be opoa 

pr.ssing a; cme pulse { lF) throufh the inverter and buffer s,sti:llll f'..45 • J:.5 • and. 

!45. 0t tho gate tubes B to L42 0nl7 JC42 is open. Thus tbe one pulse passes 

ti'.is pte to the inverter K44 and appears on the aint.b cbi.onnd of tho output 

plug. 

(2) -1 receiver is activated. This causes ge.tes B4So G to 146 to 

be opened. Gate G46 passes the nine pulses (9P) througb tbe but!er .and i..'lverter 

~er: F45, E45. D45. !md E45 to the gate tubes B to L 4). Since all these 

g:te tubes except K4) are open nine pulsus appear on au. clla..'lllel.Ji exc~t channel 

r.ine (including tho J'li ch&md). The ga-tes H to It 46 pUIS the_ 2P. 21P, and the 

4P thrDU&h the buffer and inverter system 145, J45. 3."ld 1145 to the ge.~u tuhes 

B to L 42. Since only K42 is open this gives eight pul&as on cbann<:l nine. ThE' 

gate 1!45 passes the l'P directl,r to the invE:rter Bl.4 of ch!onnel one. Thus. 

before the l•P arrives the quotient has received the maber 

ll98999 99999. 
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1199000 ooooo. 
C!.c!l rep!"U~ the l!ll:::bEr -01000 00000. 

(.]) •2. :n:•ber is ac:t.i~tecl. '!be cu.e 146 1.8 CIFCie t!lb ,.. 

,.>Sf~~ a'~ tbe t-~!;rr ar.d i:rrut.er S7st- l:l4 t.t.eG t.o the ptea a t.o L.lo2. 

(1.) -2 r~ •. iTer is Ktirc.te4. ~. 246 az:d G t.o I 47 ve ope. 

A.i' ~s;s ri--= p:::~ c:s iz::t: tt.e .._ man:.el u£ t.tr'oagh all t~ g-...tes 5 t.o L 4) 

l• .::.~ £;.. 7 pas t.be lP • 2i' • ~ t.t.e J.i t.c g1 ft _.._ p:ob• 

~ ~tc r.; ;; !z:-..o ~~: c!z::t.!J. d'~al. 3(.6 r-I..!P-S tte l' Jl i,... 0 ~ n.-st 

~e ~..i~ ;~ r.-: is rte;;pe: tJ' a. l'i pu.s!q r..Jt- ;6 lrllf w. 
~~ .. !-;is ~ e~;;t ~ r~ , . ' (tOe rv..r.,t!-c.!! per..cl'!} 1U pU ~ 1.s 

T:. ....... .. - .... ~_ ... _ 



pte F6 and thus the quotient place ring is stepped no farther, eftA t.hou&b 

tl:e sbitt. fit the number in the numtlrator accllllllator takes place. This aeans 

tbt til;; mdler which m8.7 be added or sub raet.ed as a result ot the rCIIIIIIl ott 

pvcet!ure is put in this same place (that ia, in chalmel three). 

The fo!.lO'.·"i.."lg table gives the setting ot tbe program,eant.rol llllitebu' 

in t1»: different ~lc;s: 

Exaple 1 Exmeple 2 

lllm.::iator receiver switch • • 
Rlacrator eleu- switch c c 
llenamiDator reeebe switch ., 0 

Denc:alnatar clear switch c 0 

Int.crloek switch 1 II 

i.nswer disposal switch 1 1 

Ralnl-olt switch BO RO 

Boat-divide place switch DB llD 

6.4.1. ~ division examele 

:.dditiaa :JIId 
p!!l.se tiae DiscussiCD 

0.17 Progrr.m pulse arrives at butters 67, 68, 8lllll &9. 
Thi.: output or butter 67 activat·::s tho; ~ recei't·er. 
The output at butter 68 activates the ~ receiver. 
The output or butter 69 activ·-t;os ttatO tr!UliCCivcr in the 
divider The output or the cathode follower 64 opens the 
gate ~o.u. ene or the burrers 61 gi ve• " signal through 
the interlock switch to open the gate 148~~ ~rround-
bufter 61 eives :l. s4,"1lal through the roo e 
ott switch to opun gates K5 ~d K6. 



'dditian and 
e• t1ae 

1.1 
to 
1,10 

l.l'C 

2,17 

],17 

4.17 

5.1 

5.17 

6,1? 

7.1? 

8,1 
to 
B.9 

VI- 25 

Dbcussian 

The numerator romf denaminator acciiiiiUlators are receiviDc the 
rNmerator and dencminator. (It ill asiRI!Ied that the progr• 
pulse which activates the divider is used to cause the traaa­
mlssian or the numerator and denominator from whatever uaita 
contain thea. 

A gener.sl palse (gated CPP) passes gate X6 to provide the first 
division pulse (DP). This DP passes gate .UO to step the progna 
ring to stage B. The output of stage B opQDII gate 116. . ~ 
this time th~ PJ.I static lines tram the JIIIIIIGr'lltcr ant demlmiDatcr 
to the sign indication circuits are setting up. 

Another DP steps the ring to stage lci\Using gates BB, 1..7, aad · 
87 to open, J. general pulse (GP} passes gr..te D6 which llllll' or mq 
not step the n1.111erator ring and/or the denominator flip-flop 
depending upon tbe signs of tbe respective quantities. 

it. GP passes gate ;.7 clearing the program ring back to .tace &, . 
it. GP passes gate B7 setting the flip-fiop i., B 6 closing the gates 
AIO and i.ll. A DP is passed b7 gate B8 producing a tirst P pulee. 
This P pulse activat&s the N receiver iond either the IiA or tbe 
Ds receiver (depending upon !he signs) •. i.ct.;vat.ing the 1111.~~ 
ceiver c~uses gate LlO t.o opun. Say thPt the llitn• ere llUIPI 
t.hun the Ds receiver will be act eod thua gat• Gll open.4, 

J.. DP passes gate LlO and act.iv:!.tes the receiver a,.. This cauea 
gates Dll and Dl2 to b.e opened. it. DP passes gate Gll setting the 
+1 receiver, .A GP passes the butter CS and resolts the lfv. and the 
Ds receivers. 

Gate 1.46 passes a one pulse ( lP) which passes gate lt42 to CO 
into the ninth decade or the quotient accumulator. 

I. DP p:1sses the butter Cl2 to reset the +1 r.eceiver. The Q.. 
receiver is reset by a CPP. ..ssuming there has been no ovef­
drart gate D9 passes a GP to produce th" next P pulee. This 
P pulse sets the Bg and the Ds receivers. 

Sa. as 4.17. 
,.ssuming there h::.s been an over-dra.tt the gate E9 passes a GP 
which sets the N. and the 5

11 
receivers, This c81lses. gates 1.45, 

X?, and IJ. to be"opened. 

Tho numerator is being transmitted to the shift accumulator. 



8,17 

9.17 

10.1'7 

IH.acusllion 

A l 1P passes gate F6, l4S and stepa the qwJtient place ring 
to st~e 2. 'rbe numerator P.cCUIIIUl.ator clears. 

I. CPP passes gate K7 activating the s. and 1 receiyers Tbe 
a.ctivat.ing of receiver~ opens the ~te C9." • 
I. GP pasaes gate C9 to produce a P pulse, Tbis starta an add 
CJ~:le (since the numert>.tor ring hes been stepped). Tbst ia, 
this P pulse activates the N

11
_ 3lld the D receiver. .lo.ctba.t.ing 

the Dh receiver cnuses gate Kll to be opened. 

l.a in 4.17 the ~vreceiver is e.ctivated and a DP paasea gate. 
H1l to set the -1 receiver •. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

0,10 

1,17 

2,17 

3.17 

4.10 

4.17 

5,1, 

It. 11 P passes g~tes F6 and 145 to step the quotient ring to 
st:1ge_ 7, The Hq. c.nd S;. reaeivera are set. Gate h4l begins 
to conduct open1ng gate 16 • 

• 
Gate C9 passes a GP to provide a P pulse which activates the 
N" r.nd the Ds i'eceivera. 

.. DP p!!.sses gate LlO setting the Q,_ receiver, J. DP paases gate 
Gll setting the +1 Nceiver, .. sswidng there has be1111 an over­
drl".rt gate Dl2 begins to conduct opening gate B9. 

it. DP resets the !1 rt~ceivers, a GP passes gate E9 activating 
the ~ c.nd the N receivers. This pulse fran E9 passes E6 to set • 
thtJ pulse source"'flip-flop E 4, 5. Thus, this is the laat 
addition time in which genenl pulses (GP) and therefore divillian 
pulses (DP) are produced, as before the output of the ~ re­
ceiver opena gates K7, 1451 and Ll. 

Gate F6 is now closed ao no 11 P ill p::.saed, 

CPPia pass gates K7 Rnd Ll to set the S c.nd the I receivers 
and to step the numerator ring, respectfvel)". ,. CPP passea 
gate F5 to produce the first IIIP puls.,, Tbia IIIP pulse goea 
through the buffer 1.12 to step the progr2.111 ring t• stage B. 
It also passes gate K5 to produce a round-off pulse (ROP) •. 

. J.n ROP pulse (a IIIP gated b7 K5) passea g~tc C8 to produce 
a P pulse which activates the N11 and D,. receivers. .A. IIIP 
pula.: passes the buffer Al2 to st~>p tti.; program ring to stage 1. 



Addlt.ion IIIII sa time 

6.t 
to 
6.9 

6.17 

7.17 

8.17 

9.17 

10.1 
to 
lo.lB 

10.17 

ll,l7 

12,17 

• • • • • ••• 

0.17 

Vl-27 

DlscuaaiaD 

file deneminator 1a added to the IMIII'fttar. 

A IIIP pulse steps the program r1ng ia .tage 2. The K 11D4 D 
receivers are not reset since there &re 110 GP'a to~ tbe :& 
butt Eor CS. 

A IIIP ateps the prograa r1ng to -.... ). 
I 

A IIIP steps the prograr.~rlnc ~o .tap 4. 

A IIIP steps the program ring to stage 5. 'lbis opena the 
gate D4. 

tbe dennmimtor is added to the mmentor tor the titt.h tiM. 
Suppose that this does not produce an werdraft 1D wnich case 
gate Kl2 ralldns open. 

An ROP pulse passes g3te D4 to reset tl:e ~ and the D1 receivera. 
A IIIP steps the program ring to st;ce 6, opening gates E3 and 
ru. 

AD ROP pulse passes gate Jl3, Kl2 (assm:dng there wu no over­
dr:Lrt) 1 and gates JB and JlO. The out.put of JlO acta the ~ 
receiver, The output of J8 is p:!ssed b7 gate F8 or G8 de­
pending upon the sigls and sets thc •1 or the -1 receiver. 
A IIIP steps the progr3111 ring to str.ge 7. 
A CPP passes ~3 to reset the pulse source fli~flop. 

•l or -1 is ~ddad into one decade or t.be quotient accumulator, 

A CPP passes F4 and K6 to produce a DP which resets the •1 or 
the -1 receiver. 
II. CPP passes L50 t.e» set the tli~flop I, J 50. 

• • • • • • • • • • • • • • • • • • • • •••• • • • • • • • • • 

· (\Yait for interlock pulse) 

Interlock pulse (program output pulse of sor.ae other unit.) t.ums 
on Ontl ot the butters F 4fM.S and GloB setting the flip-flop 
H, J IIJ, 



::.:17 
(13.17)* 

2,10 
(14.10) 

2.17 
(14,17) 

VI-28 

· Discussion 

A CPP passes J49 and HSO to· set the flip-tlop G p 50 IUid 
reset X~ J SO. Flip-tlop G, F SO causes gate 62 ill the 
trensce1ver to open. 

The. car!7-clear gate passes gates A48 and A49 aad. appears 
at tel"'lll..lals on the front panel. · 

k CPP passes F49 to produce the Cl and Cl• pulsea. 
The Cl' pulse does the follOIIi.ng · 

( 1) passes gate U.S to reset H, J £8 
(2) passes buffer AS to clear tho ~gr&lllldag 
(3) pnsses butter FJ to reset the pulse source tlip-tlop 

E 41 S. 
(4) passes but'ter Cl3 to reset the Dy receiver (E, FlO, Pll, 

Ell, El2) and the t1 receivers. 
The Cl pulse does the fol.l.owing 

Cl) t.ho flip-flop A, B 6 to reset. 
{2) ::-t:set s the dencminator flip-flop C 11 2. 
(3) '.:.':ll"ns off th-. inverter X2 clcarin~ the numerator 

b1-'l!•r7 ring. 
it. CPP passes g~te 68 in thoJ transceiver resetting it aad. 
being tran~tted0 
it. CPP pa.~.ses D46·to activate on,; of the answer disposal 
transceivers, 

6,4,2, J. square root example 

l.ddition and 
pulae time 

0,17 

Discussion 

Program pulse arrives at buffers 67, 68, and 69. 
The output of butf&r 68 activat~d ~he N~ rec~ivor, and the 
output of 69 activ~tes the tr~nsc~1vcr 1n the divider. 
The output of the ca.thode follower 64 opens the gate i.43. 
One or the buffers 61 gives a signal through the interlock 
switch to open the gate K49o The othtor buffer 61 gives a 
sign:U through the root divide :!lid round-off switch to open 
gates KJ and lt4. 

*Rer,d this time if interlock signal arrives before completion of division 
proceae. 
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).17 

4.17 

6.1 
to 
6.10 

6.17 

7.17 

11_,17 

YI-29 

Discus don 

The radicand acC\Iallator (same as INIIItlrator) 1a receblni 
the number to be aquan rooted. 

;,. . GP (Jo. CPP p'lsses b7 gate F4) passes gate 13 to produc~ the 
lust squ<ore root pulse (SRP). This SRP passes gate All to 
step t,t>e progr~.a ring to stage B, openirlg gate D6. 

;.nothor Si:P etcps th.:: program ring to stage 1 causillg 1at• 
A?, B7, Kr., i<nd G7 to open. J. GP passes D6 but has ao effect 
on the dor.o.:!linator tli~fiop sincJ the denlllliDa.t.• .antaiM 
the nlllllber +00000 00000 at this time. U the radicand were 
negative t.h•J bi.na:-7 ring mul.cl be ateppecL 

J.n SRP pulse passes ga.to:s K8 snd G7 settillg the Dy and the •1 
receiv~rs, rr.spectiv~. · 
A GP passes gr.te J.7 cla.,ving the. program ring back to stage &o 

it. GP pe&i:'t:s t=a~c B7 s~.:tting the tli~fiop ;.., B 6 causing the 
gatu J.lO a-:d ·.n to close, 

Tho output. o~ the ~ receivar pPsses g;•te Dll, opens gate D9 
which ?..l.J..ulls a GP to be passed producing the first P pulBB, 
Thi.r. F p:.:lse a.:tivates the N and the ~s rdceivers (since the 
dencm.ta.a':.or consists ot •1 in a certal!l c:ecade). 

The •1 in the de~tor is subtracted tram the radicand, 

J;. GP rcsots the lfa. Vld the Ds receivers (trCIIl butter C5). 
All SRP p£.sses gate L9 to set the Dy receiver and gate Gl2 
to activate the •2 receber. . 

•2 is 3dded into the denamin~tor glv!ns ), 

a CPP resets the D ~ the •2 receivers • 
.. ssuming there is Xo OYerclre.tt gate Dll is condlleting end thu, 
D9 pass as a GP to prodllce the next P pulse. 

An SRP activ~tcs the Dy and the +2 rec~ivers, 
.. ssuming there is an over-clr&.tt this time gate Dl2 conducts 
opening gate E9. 

6 GP passes gate E9 and sets the S and NA and D1 receivers, 
and it prsscs gate G9 to set the -! receiver, 
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to 
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to 
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0.10 

0.17 

1.17 

2.17 

).17 

4 
to 
u 

Discuasioa 

-1 b added to the •5 that was in the deniiDina.tor ac~t 
The radicand 18 transmitted to the ahitt acc\DIIlator or._ •'P steps the quotient ring. • 

I. CPP passea K7 to actinte the s,. Blld the N receiwera &lid 
passes gate Ll to step the n~Dere.tor riDe. 11 

-1 is ag!oin "-dded to the •40 in the denominator ac~:~m•i•tar 
giving •39. 
The radic&lld is tranlll!dtted back (through a shift.er) to t.ba 
numerator ac~tor, · 

ir. GP passes gate Cll. to reset the D end the -1 receiwn. 
A GP passes gate C9 to produce anoaer p plll.ae. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
A 11 P passes ge.tc;s F6 P.nd 145 to step tho quotient ring t.o 
sto.ge 9~ c:zwsing gate :.43 to conduct and, thus, opening cat• E6, 

The S. and N
11 

receivers ve set b;y a CPP through gate K7. 
The nUmerator binr.r:r is stepped to minus (a minus radicand) 

J... GP passes gate C9 to produce a P pulse. This pulse actifttea 
the Rei o.nd the D

11 
roceiYers, 

i.n SRP passes gates L9 end Gl2 to set the Dy and the +2 receiYera, 
respectivel;y, :.ssuming there has been an overdraft gate F/1 opens,_ 

;. GP passes gate F/1 a.ctive.ting the ~ and the NJ. receiwera, and. 
passes gate E6 to set the pulsE> source flip-flop E4, 5. Thus, 
this is the lr.st :~.ddition time in which GP pulse, and therefore, 
SRP pulse will be produced. 

What happens dUring tht:se addition times is exactl;y a repetition 
or what he.ppens in the C!i.SC or division (explained iD exmple l)o 

;, CPP passes go.tes X49 and H50 (opened b;y the procraa ring beirlc 
at stage 7) and sets the f~flop G, F 50. 
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Discuasiaa 

I. CPP passes gate F49 producillg Cl and Cl' pabe•. 
The Cl pulse resets the coincidence flip-flop G, F 50, Uld 
clears the quotient ring and the numerator rille. 
The Cl' pulse clears the program ring, resets the pu1ae 
source flip-flop (E 4, 5), and r,sets the Dy and the +l Ulll -1 
roceivcrs. · · 
The Cl pulse resets the flip-flops ... B 6, and C 1, 2. 
The output of the coincidence flip-flop causes. the gate 62 la 
the actinted transceber to conduct, which in tiii'D opeaa the 
gates BloB, one of th~ gates C46, 046, 047, or E47 (for 1.1181181' 
dispo!.lal) • and gate 68 in the transceinr. 

The carry-clear gate passes gate 1148 and clears the ..-rator 
:I.CCWIIulator • 

.it. CPP passes gate 68 and 1a tranlllitted e.s an .utput. progr• 
pulse. • . . 
J. CPP passes gate D46 and activates the first answer disposal 
receiver. 



m POM:illll T'IBm 

"rba:e - t.Dee- f'aafttcllr tallies iD the ENIACJ each stores the Yal.uea 

ot a tunetioa tcr 104 values of the ~~rg~~~~~eat. Associated with each tu.·wt.iOD 

taMe is a port.P.tle function table supportiDg an arrq of switches on whiab 

tM operator can set the Y&luea of the flmctioa. For each value of the argumerat 

tile portable tabb has twelve digit llld.tches and two I'll switches (thus, the 

Fortable table has 1248 digit switches and 208 PJI switches). 

Pane:. 1/?. (the right hand panel) contaiDs eight master digit switches 

&!'.d two master Rl Pitches. These are for setting any digits (as 11111111' u 

eig)tt) that are the same for all roues of the argument. The PU master switches 

can be Ulied when all function '92lues set up iD the table are of tbe same sign, 

caking it unne::ess2.17 to set the I'll switcbea of the table. 

Thus. altogether, for each roue cf the argument there are twent7 

digits ( «!ight of which are the same tor all arg~J~Knts and twelw or which caD 

ftl7 1'rom argument to argument) and two P..! signs (determined either b7 the 

aster m switches or b7 the settings of the Yarious PLI switches on the portable 

tatle). Th.-. two Rl signs enable the operator to set up the values of two fllncUau 

ror each argument all.otting the twe!Ye r..ric.ble digits and the eight master digits 

to the two functions in &117 manner. This allotting or digits to the two tunctions 

requires special 3dapters at the two function table outputs (see SeCti.m 11.6.5.). 

Four of the msstcr switches (A1 to A4) feed linea 7 to lD of the 

I.. output. )laster switches s
1 

to s
4 

tO?ocl channels 7 to lD of the B output. The 

P~1 master switch f01eds the ru channel of the A output and ~ master switch 

re,ds the I'll chDIIDel of output B. The lett h:lnd six columns or switches on the 

portable table reed channels 1 to 6 of ~ A output. The right hand six columna 



of switches teed; the lines one to siz on the B outpat. 

It one desires to tranllllit. -other c:aabinaticz of these channels 

into one digit tl'U!IIt tben ttre appiopriate &d&pter must be construeted {see 

Sect.irn ?.'J .«;. j. 

'.!'hA !•11':~.:' on t.!lble transmits in five addition times t.he ft.mctioaal. 

ftlve (or 'll:"~"f Of fCJ." !lCi!;hboring functional ftl.ues depending apm the settinc 

ot the lll"g'.oll'.;;!lt. :twiteh-·tilis is tor interpolation purposes). B7 us1nc the 

~eat mt .. :~ t!1(< f:1!1C~.ion table DIA7 tranllllit the functional ·y·llue ll times 

(lsn~?) :b ;:+1. !!'idition times. 

In t~" u.,per right hand corner ot the block cli.<"\gr<&~~~ P.X:-7-301. appear 

the switch~• ot 'l.ho porl.ab!.e !unctim table. In the upper lett band corner sre 

the unit~ and tens argument rings. Between these and the table switches are 

the ta'Jle input gates or table selectors. Below the argument rings (lett 

center ot t.he diagram) h the progrlllll ring, and below this, two program ccz­

trol c!.rcuits (there arc nine other program control circuits) are illustrated. 

At t~e bottom center .,r t~e diagram ere the pulse gates which pass c~i:~&tions 

or the 1, 2, 2', 4, and 9 pulses to make up pulse representations of the digits 

il, 1, 2, ••• , 9. To the right of this 31'6 the m&ster switcht~s (w'lich are used 

to s·~t up digits W:1ich do not chl!llgS tor all 104 v!!.lues of thto argull'.~nt) and ill 

t.he right hand cornE>r are the transmitter circuits. 

The table output gates and all circuits below them (on the ~agr11111) 

including the pulse g!ltes ue located on the right h3!1cl panel (panel /12) ot the 

function table. The switches (in the upper right corner) are on the portable 

unit. All other circuits (including the rings, the tlip-tl"Ps, and the program 
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control circuits) are located on the lett hand panel (panelll) of tM 

1\IDetiOD. table • 

There are three complete function tables. Each OM 1a identical 

nth the others so anything said in the foll011ing discussion applies to all 

u.ree .. 
For purposes of discussion the circalta ar the fbm:HGII ·tiiiJie an 

cliYided into three t1J)E!S. The program control circuits compria& tba w._ · 

tl'll!lsceivers and their a.aaacia.t.ecl switches. The CCIIII!lon progr-*ng circuits 

~se the program ring and its associated gates, the argument flip-tl.op, 

the subtract fllp-fiop, lad the add flip-fiop. The balance ot the clrod.ts mike 

vp the n~~~:~erical circuits. The numerical circuits include the arguaeat. rillgs, 

the table input gates, the portable table, the table output gates, the pu1H 

ptu, the constant switches, AI master switches, delete nitches, llllbtract 

pulse switches, and the output tranllllitters. 

7 .1. THE PROGRA!-1 OONTROL CIRCUI'l'S 

1.1.1. The Transceivers 

There are eleven transceivers located in the #1 panel at the functiam 

table. These are standard, that is, thc7 are exactly the sarae &a those used 1a 

the a.cclllmlators and most other units of the EII:UC. 

7.1.2. The Argument Reception SWJ!!h• 

The butter which teeds this switch (that ia, the cathode follower 

in the transceiver) serves two functions, namel71 to control the tran.d.saion 

~ the argw.~ent and the stepping of the program ring. The arggaent receptiaD 

Sllitch h!:.s three possible settings controlling the. reception of the arswunt 

r~ sene other unit or the oo;.c. ()1 all tbro;Cl settings the rut butter out-
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put. (tube 64) of a tranaeeber goee to gates 1>49, Et.9, or P49, ene of wld.cll 

puaes central progrlllll pul.eee which .t.ep the progrlllll rillg, U the .;.itch at 

the activated progrlllll control circuit 1e set on lfC, a central progrllll ~ 

. paased by gate J4S (opened ":r .t.age -3 of the progr!IDI r1Dg eo that JIIJ b opea 

&t the beginning of the progrlllll) will hll'n innrter HI.B oft, and pue pte -'• 

'!'he pulse wil). then go through the tranamitter J-L 46, and appear GD t.1ut fza& 

panel (teminal labeled tiC, aee PI-7-302). FreD t.baft ~ caa be. \akea (ria 

jlqlera and program traya) to 1111111 other anit or the mAC to program tbe 

U"gwDent tranlll!llssion, It the awitcb were set at C the action would be sild.lar 

except the output pulee would pall gate W.7 and be tr&nsmitted from the trau­

mitter J-L 47, Supposedl,y, the DC circuit would be used wbeD the argqaent. 1a 

not to be cleered in -the transmitting r.ccumul.ator, end C 11 to be used. 1lhiiD it 

is to be cleared~ 

These circuits r.rc= controlled by the fe.st butter output• (tubu 64 

r.nd 65) of-the tr~.nsceivers, Since these outputs have a !I!Ntu tiDe constant. 

the input circuits to the g!ite tubes have extra capacity purposely added, !bU 

clela:rs the opening or these gates; keeping them from opening in time to pall 

p!U't or the samo CPP which activated the tranaceiwr, 

7,1,3, The Program SWitch, 

Deck 1 of the prograa switch determines whether plus or ad.INI the 

f'llnction!Ll value is t-o be trans:dttcd, Whan set on A (add), and a ~ 

control is activated the output or tube 61 in the transceiver caues the 
I -

inverter E48 ~ stop conducting, opening the gate '£47, when the ring is in .tap 

zero this gate passes a pulse which sets the add tlip-flop (tubes C46, 47). U 

the PI'Ogram switch is on S, then inverter E48 (the other triode) stops conductiJic, 

epening gate E46. Thom, 111hen the ring ie on stage zero the subtract fllp-fiop 

l 
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Jll.6, 47 ll aet.. 'lhe t 1"'nc of tbeae operatiou b illutrated SD ...uc. 

Deck 2 of the program Pitch detenainea whether the functlaaal 

. wJDe ltaelf or one of the four neighboring "t'&l.Jle• is to be tnnad.tted. u 

till reader w1ll. cbeck the connectiou fraa the &rgla811t. rlDp to tbe mtdlea 

of the table he will note that the table INIIIber b aac:tq two l.eaa tt.a tbl 

lllllber repatered in the argument ringa. 'l'hua, if z clenot.ea tbe arc-sat 

· tben aormall,y the fUnction table would transmit f(z-2). The lllll!lber t......S.tted 

llld the eorrel!pOndil'.g aett1ng of the progra IIWitch 1a u foll.olla: 

Program awitch ectting Number tran81111.tt.ed P1Dber 1D arcu-at 
riDe• 

-2 f(z-2) & 

·1 f(z...l) z+1 

0 f(z) z+2 

+1 f(z+l) z+) 

+2 t(z+2) z+4 

If tbe progr• switdl is set at +1, tor ........,.Ue, 1ates 1144 and,,.. 
11111 be opened by the output of the buffer 61 of the tranacei-nr • 1lleD the 

JII'OP"IIIl ring is at stage -1 gate E42 will be opened and three palees will ..-

11.4 lrld J44 through the inverter E44 and gate 142 and into the units ars--111. 

line. 'l'his changes the argument fi'OIII z to z+3 and the fund.ioa tabJ. will -

tranalt t(z+l). Rote that stage -1 ot the prosr• rins must open pte 142 ill 

tlae to pas1 a lP. Since the gate is J!b18ic&lq clo1e to the ring then is liD 

difficult,. in doing this with the 1111ual two to one 1atet1 tac:t.ar. 
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7,1,4. 'lhe Repeat SWitch 

~ switch det.end.nes he. IIIBft7 times the functional value ie tl'llfte­

llltted, If it is set at 3 (u Ulustrated) the f'unctionlll value ld.ll be tl'llfte­

utted once when tho rir.g ie set. at stage one, ageir. at stage t'IIO, and tile 

third time at l!t:lge ~hr... e. The output of stage three (11bich ia - P'"'Hw.) 

will go througt, '!.~;.roil,!]. three OD the repeat Pitch and 0J181t pte 62 in the 

transceiver, 'l:his caus;:s the imert.er 65 to go rff and orens gate 68 gidnc 

an output. FO~ pu'.lie zot the end of this additicn ti..'!lf'. The 0\•tput of the 

butter 6) ~·'- r, .. .,!f tl.e 3 :r•erter D4S opening fa~c·s "1.4g, Slo!, and C4S. These 

paes central o:::-cgra'.l J.ull"e" ( CPP) 11hich clear all tbre(l r:.~>g:l a"'d reset all 

three fllp-rl~P. 

TbUl• ':.t.e f'unctionli.l table wUl transmit a tun...-tional value D ~ 

1n n+4 addition ~ilr.cs where n is an7 niiCiber between one and nine. Hot.e that 

the accumulator 'lllhich is te receive the function must be progr111111ed to recein 

during either the whole n•4 addition times, or during the last n of the n+4o 

Consequently, if it is prograa:l8d simultaneously 11ith the function table, it 

. can rtoceive the function only S tiDes using a single transceinr. ~' balrner, 

it CVI be programmed 4 addition tiDes 111ter than the function table, tb~ set­

ting of its repeat s11itch can be the sme as that of the function table, and 

the tunctien table can transmit to it the tull 9 times. 

1.2.1. The Program Rins 

The program ring is a tbil'teen stage ring located on the latt center 

et the block diagram. The follwing table illustrates what happens at each 

lh.ge of the l'inc· 



Addition Ring 
Tille Stap 

0 -3 

1 -3 

2 
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Program~ 11 receiftd at a tranacebv. 

At pulse tiDe aeventeen of this acldition t1ae the -rins 

steps to stage -2, and, (clependiJic upon the settq ot 

the prograa lllll.t.ch), a pulse 87-b& tiiiWBi"-d..,.. ""-
46 or J-L 47. Usuall7 the palae t.r8IISI!Ii.tted bare w111. 

be used to progrlllll the c.rgu:e:t. tranllllliaaioa trca -

other wdt of the mmc. 

The buffer lt48 will go on turning the :llwerter U.S off, 

opening the gat.ea D42 ar.ct H42i alloning the arguraeat. 

to be receincl. 

-1 Depending upon the setting of the progrlll:l switch certa1D 

4 0 

of the gat~s F44 to L44 1!1117 have been opened. Thus, fi'CII 

zero to tour pulses are psasing the inverter EL4 and at 

this addition time these psas the gate E42 and dllter the 

units arguncnt ring. G:::.te F47 is also opened, IUlowiDg 

a 1' pulse to set tlip-tlop B46-B47i this tlip-tlop, 

through buffer A46, turns ott inverters Bl to U. and 

All, in tum permits one of the table input gates to 

conduct and energize one entry ot table. 

Th" output of the zero stnge opens the gate GI,S. At 

pulse til!le seventeen ot this addition time a central 

program pulse (CPP) passes thi& gate, turning ott the 

invert..Jr F/IJ. Depending upon th<> setting of the program 
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switch, e1t.IK• gate 1:46, or 147 is open. Ttnaa, the output 

of the imerter F48 seta either the add. or the subtract ~ 

fiop CiiWiing either the function ftl.ue or ainus the funetiaaal 

nln• to \Mt vanmttet clarh-.g .-.uan u.e s (81111 llllbseqaaat 

addition tlaea for repeat switch aet.Uap llban 1). 

1 Certain of the pulse gates lll'e opened. clul'inc tld.a additioD 

time, and. the: t\mcticmal. vel.ue is trannittecl cmtr tbe digit 

output. (SI. alld sr in lower right hand comer). !he outplat 

of stage 1 of the program rL"lg connects to teminal 1 CID 

all the repeat Bld.tcbuo 

2 

3 

The functional 'ftlue is tranlll!li.tted a second ttaa. 

The_ functioml "ra.lue is transmitted. for the thii'cl tiae, 81111 

(if thll repellt switch is set on tbree u illustrated.) gate 

62 is opened. in the trflllsceiver. Then butter 63 tums ott 

inverter D48 opening gates AJJJ, 1148, and. C48, causills the 

rings to clear :md the tlip-fiops to be rent. 

?.2.2. The Argument Flip-nap 

The argument. flip-fiop B 4EM.71s set by a .11 pullle pasq pte 

F47. This gate is opened when the program ring is at stage -1. ~'lhea the tlip­

fiop is llt.t it turns on buffer A47 which tuma orr the inverters Bl to IJ. and 

4 U. This cletemincs the time at which one of the table input. gates conclw:ta. 

?.2.3. The Add and Subtract Fli~fiopa and the Plll.sc. Gates 

The following table gives a list ot the gates opened and the effect 

•hen the add or the subtract flip-flap is set. 
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'l'AIILE 7=1 

r;baanel Add Subt.ract. 

lP 2P 21P IJ' 9P 'l'otal 
1111l1e1 

lP 2P 2'P IJ' 9P 'l'~al 

0 - - - - - 0 - - - - L'4 9 

1 K14 - - - - ·1 lt'l. 1'2. I') - - • 
2 - - J'2 - - 2 Jl4 Jll - Jl) - ., 
3 H'4 - HJ2i - - ) - H1l - Jll) - 6 

4 - - - G1 2 - 4 G14 - - G') - ' 
5 F14 - - F') - 5 - - - Ft2 - 4 

6 - E'l - E') - 6 E14 - E1 2 - - 3 

7 D14 D11 - D'3 - ., - - D12 - - 2 

8 - C•l C'2 c•3 - 8 C14 - - ..; - 1 

9 - - - - 8'4 9 - - - - - 0 

'l'he outputs of the pube gate1 go to transmitting circuits, (lllllpH­

fiers) (tubes 8' to L', S to 10). 'l'he outputs of these transmitt1ng circuita 

go to the various table output gates, the zero-nine channels go to the P and 

II tenoinals on the Pll master switches, and through buffers 816) to L'6) tbq 

aU go to various terminals on the constant switches. 

7.2.4. Use of the Function 'l'able for PrOf!!'!ll!llinc ~ 

'l'he function table can be used to obtain program pul1e1 on 11117 of u 

1111117 •• 14 channels when a p:1rticular progr11r.1 control circuit is exeited. 'ftae 

dloiee of output ch~el is controlled by any two digits of the nlllllber used u 

an argument, and regi1tered in the argument accwaulatnr. 
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to accampll.sh thia. an adapter .n. be used ill back ~ the fuDctica 

tiloble on the c,.:llng Wlit t.run!c. !his adapter (PI-4-ll9) aclda a central ..­

gram pulse to the 9P llnea of tbe t\mctiCID table panel 12. 

Row, suppose that -all the switches, on the portable table, tor a 

particular argument are set to one; with the exceptiCID or one switch 1lbi.cb - , 
il set to "oiDe". \'lbeuever the function table is progr!illllled and tbe a.ppi'Dpri•t.e 

argusent is stored in the _argument accllllllll.ator a C?P 101ill be t.rensmit.t.ecl cmqo 

tile charmel corresponding to the n(tch which was set to "nine•" 

The nine pulse linea are used tor this purpose since the7 also teed 

t.he Rl IIWitches. Consequently, the portable table can be used to give output 

pulaes on IU17 or fourteen channels (that is, twelve digit cbannela aad. t.• ,. 

channels) • 

7.2.5. Initial Clear 

The initial clear gate opens gates A48 to a;B. The output. ot C1t8 

resets the r.rgument fiip-nop (846-47) and the add and subtract tll.p-t.lap 

(C46-47 and D46-47). Gates A48 and B48 operate in parallel to tum oft three 

illvert.ers A49 to C49. 1.49 and B49 in parallel cause the argw~~~~nt rings \o 

clear. C49 causes the program ring to cleU'o 

·It the buffer 63 in &n7 transceber conducts, (aa it will at tbe oDd 

or an op;;ration tor which its program control was activat.ed), the inverter Dl.8 

stops conducting, op~ning the gates A48 to C48 giving the same effect aa the 

initial clear gate. 

7 .). THE tlUI.lmiCJ..L CIRCUITS 

7.3.1. Tht= i.rcyment Ringe 

When tho gates D42 and 1142 are opened (at stag.: -.2 of the progra 



ring) the two digits of the argument arriYe cmtr cbannet. ttw Cll:l ldx of tbe 

input terminal and going through the pulse st&D~ (J..L 4Z 111111 AU, B-C 42) 

st.ep the units and. tena r1Dga te U. Jdoper pusit10D. 11hen the program r1D& 

reaches stage -1, zero to four pains s.y be passed b7 ODe of the gate. F44 te 

IJJ. througb gate £42, to step the units ring tho COI'J'()aponding n\llllbor of poaitiau, 

U tl!ia UIIUS' tile units ring to step t~~ stage nine sate J.42 w1ll. be opened 

to pass the CazT7 over pulse. This pulse goes through the inYerter and. blltfer 

G42 and steps the tens ring one place • Note that the tens ring has ele'ftll 

st.:;ges; also there is never :.117 dela:rud C&I'J'7-over problem. The argument will· 

never exceed nine in the tens place but the cerry over m~ give ten, thus, the 

extra stage. 
' 

Consider the control ot·the table selectors b;r the rin&B. Attar 

clearing (as lllustrcted) the rings each set at stage zero. Tbis causes the 

imcrters 1t2 and K26 to be non-cODducting. Suppose that a program control ie 

actinted, and the arg~DCnt i.L.zero. Then when the argument !lip-flop is set 

the inYertor Ll conducts raising the potential ot both grids ot the table in­

put ca.tc (or table selector) Kl2. Incidentall;r, one control grid of sneral 

other t<lll.: input guteo will swing positively at this time, (tor example, 

gato1s KlJ, K25, and Kll, and others not illustrated), but since the other grid 

I'QIIains below cut--off, (because other inverters associated with the tens ring 

remain on), the tubes do not cODduct. A similar statecent is true tor t~ _ 

gates i. to I. 12. 

Thus, when the program ring 1s at stage -1, one ot the table inpat 

gates begins to conduct and tone of tho horizontal buses ot the portable table 

haa a neg~t1ve swing of pat.entialo 
. in detsll 

The action or thtJse inverters and gates is explained . some 
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7.).2. I!!!. Table Inp!!t Gatea 

Th-=e :.art: 104 ta.~le input gates correspondir.g to the arguaeut. ftluea 

af ~. ··1, C•, 1, 2, • ._, ::.00, and 101, This giye" a rr.11,~c at 'AI"~ ;ralues 

ot 0_. 1. , • •• 9") 11·i.th t t-.a extra values on each rmd frT!" P•D"p•·sec o~ btOZ]:olatim •. 

&f.~be 1.110 c~~~t:-.··1 <:;tics of .l~!'l g'lte tube, coo CO'Y!'-.::t!' to t.h.: oatt>".lt. "f. 'JD 

iJN·~rl.:!" O:fi:J!'.~l.:'.e i bJ' 1.h:. p!"Opar at~ of the wni.1.s ~. <'Zi~ ttt.~ ~l!ar c:mtrol 

gri-' cnr.n ~c:ts 1.o tho I)U1.p;..-t.s of two imert.ars; cu:o c;J?Ot fl'.ll ... C:. b7 tt.~: tens ring, 

and the othe( b7 tho' c.;•.s.mf'nt. flip-llql, In or~er tao 'loll' ~.t":.~ :t&.'.a:- g;.t.e tube 

to conduct all. tllreo !DYet Ldrs must. be non-conduc:'~::.r.g. Tbua, P-VCll t:~tt~:&l• the 

·vgument. arriws in the r~s earlier, none ot tho table illput g~tt.8 c:anduct 

uaUl. t.he argumeut. flip-fic;,p is set at st~e -1 of the Jll'OP'&al ring. lote tbat 

Ws nip-flop is st.-t b7 ::. oue primed pub& (1' P). The timing here is 11ln._ 

trated b7 table 7--lto 

Ti.BLE H 

-
l.ddition I· P.i!J!'J Activit7 
Tim'! I 'f' .:0"0 ----- ~.:-:(7 .21.'l.."lg pulsl'-~rrives 3.t t:1·- !'uii~.ioo-t.-H.:. 0 I 

., .. ... .... - ---------- ,_i.:."~x::rt:i-llJJ.smission is rrOt}'"~:::i. a·•d :l'cCeiving_g&tes 1 I 1"! -
(r.:;,·, =1lc2) arc opaned. · · · · -- r!·:;'iT?~ ring steps to st.'lge -1 '>:''"-"!:: ·lg ,~ates E42 and F47. 2 • •7 - I ... 
----- 1a · C 1 2 .3 ar 4 pulses ---3 I ! , • .. nr··,·t adjustmont t'Jkes p co "Y . • .• , ' , ..... ,~.. J • 

I to T•E: .~ci.r.g g:~t.a 142. 
5 

10 .i.r~ent tllp-flop is set by 1' P • 

17 Pror,r'i."ll ring steps to st!lbe 0 opi'!ninr; pte Gt.S. • _ 
Pro-~ac ring steps to st::.ge 1 op-:.ning g:~.tc 62 in the tran!"' 4 17 
cei;er (provided the repo::!.t BY~it.ch is r.t one) ood a c.:ntre.l 
progr~ pub..: pass;:s gr.te G48 to set the add or the sub-
tr:1ct flip-flop. 

5 1 to Functional -r...luu is triiiiSmittecl. 

1 10 

17 ulse passes gc.te 68 in the tr3nsctob"r 
Ccntrr~ program P CPP also passu 
t? bc. tr·~~~~:ted :'~\~":i!:~~~i,;!!~d reset flip-Clops. 
g .. ·t·.S ,.4J3 1 I M 
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7.3Jo 1!!!-.Pal'table Table 

The portable taoJl.e is :~. Pitch111g/network built as a separate unit, 

&!Ill c:01111ects to the functioa t~ unit through two IBI tJPe plugs. Since tba 

port.able table ia oa wheels, tbe operator may crti ekl:y 1nterchqe it with 0118 

lionnected to aJ17 other 1\mct1aa table. 

Each portable t•.llle ::!DIIIit.s 208 AI (lllign) indication switches (two for 

each argument value) and 1248 digit. llld.tches (12 tor each arglllellt. ftlue). Tbel"e 

are 104 AI switches end 624 cHgit. Bllitches on each side at tbe portable table. 

7.3.4. Table Output Gatu 

The nine tendnal aa eaeh of the 101. switches in the llixtb collnl ot 

the portnble table connects to tte iDYcrter 8111. Thto ·output of this in'ftrter 

goes to the gate 8'12, whic:b .t.cu opened will pass either nine or aero (no) 

pulses depending on whether the associAted program cont.rol is on add, or ~ 

tract progrEI!I respectbel7. 

The ten· positilliJ8 of the switches in e~h col111111 go to ten .imerters. 

llc:h output trcm the ten iaerters cr,oes to one grid of ten gates, the otber 

grids being fed by the pulJie ge.t.es. 

Thus, 1! horizont!ll. bus 1l. is energized and the sixth coluaa dlgit 

lllitc:h is at 7 ( ~• illustJ'E!.ted) the imertcr D' 11 will cease conductiJig and 

the gate D' 12 will open. This g-...te will then pa.ss 7 or 2 pulses depend1Jic 

llJIOII the setting of the uvaent switch of the associated progrllll control clr- · 

Cld.t. 

There arc 120 imerters e.."'d 120 output gates en the digit chlillllBb. 

Th6 ho IV channels feed tour mare imerters and gates (C1 to I' 61.). 

The outputs of the digit j;ld.es (l?b<ll!!d .ft.5 to alO, and B5 to BlD) 

go through inverters and butf-=rs to tr::mSDitters, (these transmitters use a 
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6Jj !II place of t.be ~ 6V6) and theD to t.el'llliJiala S1 811111 Sfe fte aat)lll\8 

ot the HI gates go t.o. tbe I'll muter Pitches (N1 aod N 2 •••"•bted wiUa ._ 

' and the B aut.put.s respect.iwq). 

7 .).S. 'rhe N Jlast.er Sld.t.cb• 

The N master switches lllllke it posllible to clet...U. tbe ~ 

for all tbe table entries at once instead of eettiDg the 1Ddl.fidaal .. ..strt 

011 the portable lunct.10D t.ablea. Thia 11 uaetul. ~ U .U. elltda• .. ·aC t.Ja1 

.. alp. 

There 1s a N -..ter Pitch aasoc:1ahd with eacb output (SI adS!). 

Then awitcbes detendDe the 111gn indication transmitted oa t.be ...._., oft .. 

reiJ)IIctive outputs. Each switch bas three settinga, fable• P. 8DII L !lie 

tollDidng table siTes results of various. settings of these Sllitcllta. 

lluter switch 
aetting 

p 

II 

Table 

Pul.sea transmitted ewer tbe I'll ""PM]. 
Add flip-fiop aet. ~ ~flap -' 

0 ' 

9 0 

0 or 9 depending upcm the settill& of tile CCIITII._ 
ponding HI switch OD the pcd.ab1e tabla. 

7.3.6 'l'he constant switches and the delete switcbla 

'l'bere are eigbt. constant switches, four associated·m.tb ada of U. 

out.puta Sl and sr. u the first. few digits ol a tunctiaa are u.- tor all 

arguments used, these swit.ches eimpli£7 the procedure for aettia& 1IP tbe al.1181 

ot the f'Unction. Therefore. wben same program control is. activated the IUibere 

•et 011 these constant ..t.tobes (or ~aments) will be trUISIII.tted ower the 

corresponding cbannelJI regardless of tKe 'Al.ue ol the ar~. 

The outputs of t.he t.riiJISIIIitters associater& with the pulse cates 

CGIIIes through buffers &•6) to L•6) to ten of the positions aa eacb of tbese 
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llllitches • 'fwo Gtller tendnala on each of these nitchea make anilable the 

aut.puta ~ thiJ two Pll master switches here. This 1a' to bell! provide the 

~r campl.aleata. 

The delate switches are prov.l.ded an each of these channels 1D cua 

·the operator desires to trrmlilldt noth1Dc em cme or 110re chanaela. 

?.'J. 7. TbP. &lbtract Pulse SWitches 

S1Dce the complementation provided b1 the add or subtract tJ.f.p-l'los­

and pulse getes ~ves cCIIIplcmcnts with respect to llfl ~1, ~ 1e meeas1117 to 

provide a correction pulse to get complements d tb respect to JJ!l. The aorrect. · 

pulse mtches enable the operator to provide this correction pulao 1D ~ ot 

six channels on each output, n!!mel.T, A5 to AlO and 85 to 810. 

The cmtput ot the subtrnct nip-fiop goes through the 1Dnrter D4S 

to the gates A•64. The l'P is passed b1 these gat.es through the imrerter A•63 

to the blatters A•61., A•62 to L•62. 

These subtr3et pulse switches enable the operator to divide the l2 

variable digits set up on the portable table into arbit1'817 groups and CIIUIIe 
D 

each group to give complements wltk respoct to 10 • 

7.'J.B. The output transmitters 

The outputs or the constant switchcs go through the delete Pitches 

direct~ to transmitters. The outputs of the tablo output gates go through an 

inverter and a butfer to transmitters. Special adapters can be eaailT bui1t 

to rearr~~nge the outputs and :Ulow transmission onto· a single digit trunk. 

It the operator. desires, !or example, to set up a ten digit tun~ion 

on the table and his function is such that the constant awitches carmot be 

used then six of the digits can ba obtained tro:n channels A5 to AlO. The ot.her 

four must came tram tour ot the ch!Wlela B5 to BlO !'.nd a special &dapter IIIUat 



b9 used to get these ten digits onto one digit trua~c. 

7.3,9, Ad!!f)ters 

VII -Ill 

llr designlDg 1111 adapter for use cin the f'UIIction table outputs there 

111: two po;.nt.a to lllltch. First, the tunctiCD table outputs .(wbich aro to be 

uiltl) :li'O connected in a one-to-one manner to terad.nal.s correapcmding to \ala 

trunlt lines to be used. Secondl7, if negative niiDbers are to be tranud.tted, 

then cnr unused lines, ccrresponding to acCUJII!Il.a.tar decadea betweeD the I'll 

Ullit. !1!111 the first dec~ used, 11111st Ca.n'J 9 pulses in order to gin the proper 

COt•pl.JJ~~~nts, This second objective Cllrl be accoraplished b7 connecting the out­

pats of some of thu m'l-ster digit switches (A, to A4 or B, to B
4

) to the corres­

pon~.ing lines. fhe PK1 IUid JV2 positiona at the master switches proYides 9 

pulses •:1 the prQPUr tillae • 

It tar Bn7 reason the master digit switches c&nnot be used for this 

purposG the adapter can b\l made to transmit the nu::Jber onto the trunk using 

only ch~.Mels adjacent to the Hl line {line 11) 0 In this cue a· shifter em 

re us ad on the input to the a.ccum.Uator. The sbitt.cr provides for the a.t.ra 
' 

"ni!I·;S" n·~3d<:d for canplanenting ~ses (see section 11.3.) 

' 



vm -.1 

'a. cmd es tnnaad.tter stores eight;r diglte on relaJII aad tnDt;y 

dlgltl on conatant. set. nitches. ·Prori.aion is made tor twenty I'll 111gns, sixte• 

associated with the ml!lbers stored on rela711 end fOUl' ueociated with tt. Dlllbere 

lilt oa the Switches. One ot these Hl eigne is associlotecl with each tbe diglte. 

!buB, the cenatant .tranmitter can store twenty five-digit nlllbere M4 their 

' proper signs. Prori.sioa is made te aesociate certain groupe in pain to tea 

tm digit numbers. In one addition time the constant transmitter can tr11111111l\ 

to IICIIII! ether unit of the ENIAC 11117 group ot tin or certain grCIUps ot tea diglte 

IIIII the usociated sip. 

Whenev-er it is desired to set up new constants on the rel..a.JIIiD the 

C0111t211\ transmitter, the 1111 relllkr 1111at. be progr81111118d to ~ 11 new eard. Tbie 

iiDel DDt change the digits set on the constant se\ ewitcheaa these baYe to be 

The re:lder cCDPletely reacle a card and etoree the intormatioa GD relaya 

ill the constant transmitter in 0.48 ·seconds. After about 0 • .3 aecond8 the etart­

btc circuits of the 1111 reader are reset and will be able to remember a eecond 

lignal to read (generally this tact 11 insignificant aince cCIIIplltatiGDI cannot 

be ltvted untll the initial data 1a read into the constant trU181111tter and, 

alao, there is no program output from the reader to start a:t7 computation untll 

tile end ot the readinf CJCle). It 1n some manner it ie arranged to prograa the 

IIIZt reading or a card before the firat .cycle b c:ompletod (thia 11Uet nat occur 

before eay 0.4 seeonds after the initial read progr!llll And t~s cml7 allolte a 

B aarety factor) then, cllle to the clutch not dropping out., the reader will 

ftld a card in o.)6 aocond8. 
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'l'hW11 the reader can read normalJ3 ae many ae 125 cant. per lli.na&e 

aat allowing for anJ' ccmpute.tiona ill between. On the othlll' haalt, ldace each 

II( time llllit correapoada ta abcut 1'10 adclftlon t!mea, and there 1a ao intenal. 

of about 1.2 unit. between the finiah pulae allll t.be cb:OFPiJtc of the bolcl1ac 

caa contact, it aee!IIS that nen though the output of the reader 1a ueed ta r~ 

P+* \a n "'P that. till• IIIIIIB pulse can be used to cause tranaaiaaiona frail 

tile constant tranllllli.tter safely (eafet;y factor • 2:1). nu-ing the period of 

liXl addition times after this pulse, numbers could be trllrullld.tted frca the COD­

IIbnt tranllllitt.:.r. By the device mentioned above the speed of readirag cu 11e 

Sllcreued to a.s much ae 160 carda per lllinu~io 

The description given here wU1 be in tel'IIIS ot the fol.l.olfing discrama: 

1) Constant Transmitter Croea Section PX-ll-ll6, 2) CoDataDt; TriiiiMI.tter 

Block Diagram Pl.-11;_307, .3) Corurt.ant. Transmitter &nd Reader Croae eecti1111, 

end 4) Dll Reader Diagram Pl-ll-119. The discussion will be diridecl u.p into 

ti!LtollowiJ~s sections: l) Conetant transmitter program controls, 2) Illl_ 

reader program controls·, .3) Numerical circuit• of the constant tranad.tter, 

4) Illl reader, ~ 5) fowaqlte.. 

r-'•1• CONSTANT 'l'RAlJSiaTTD PROORAII OON'l'ROLS 

I 
B.l.l. The groups of number• 

le indic'l.ted above th1:0 conatant transmitter storea twenty fhe-digi\ 

llllllbers and ae IIWl1' aa twent7 Rl sip. These are divided into fin-clic1t 

&roups called 'L• 'a• ~· lla• ••• , HL, Ha, JL, JR, KL, and 18• The firat aiz­

teen groups l to IL. are read rraa Illl cards "hile the last four groups JL to 
L "'It . 

1ft are 5::t on tho conetant aet awitcllea. 
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a.1.2. -franacei~ 

There are thirt7 transc.:bera in the canatant. tranmtter. Tbeae 

are associated in greupa ot silt. The first six transceiwers eoat.rul the t1rllt 

!till' fi~ digit groups ot DIDbers 'I. to &a.. 'Die ae:at Biz wutivl tbe VOUPB ~:f. 

to ~. et. cet.ara. Fin~, thu last. six tranaceivers cont.rul t.be lfOUPS JL to 

Ia llbietr emr ~ 11Ct aa tbe eonat.'ll'lt set. llld.t.ches (aee pzmel two ot caast.ant. 

traDJmit.t.er, ~11-:Ja) .. 

twa transcd.as ot a CJ""UP of six are illustrated aa Pl:-11-.307. 

Dlese arc for progr21:11t ~red one to six and control the first. tour fbtrdigit 

greups or numbers. The output f'rfllll the cathode tollCM£r (tube 61., see PX-5-30) 

of each transceiver coanecta to two decks or the ~ssocbted constant selector 

llllitch. The cathode fol.l.oll€.r is us~d to drive the switch b;:;cause fast operat.iaa 

.r the circuit is required to m;;ke possible transmission of a canatr.at &arinc 

the addition time tolloMing tht: addition time in which the prograa pulse i.e 

received. The.- other outputs of the tranaceber are UDUaed. 

8.1.3. The Progr= Control Circuits 

Associated with the relays of groups one to tour (l.U:ewise for f1ye 

to eight, nine to twOllY~, a"'ll thirteen to sixtf.en) there are eight7"'4!1gbt gate 

tubes. In eech group there are tour ga.tCJ tubes for e~ch of the rive digits 

(a the 1, 2, 2•, md 4 ~eel system 1s used to tom th.: digits) and two gatee 

aasociatcd with the PK i.ndic~tion. There are six const.Uit selector llld.tches 

.aasocbt.cd with c~&ch such set of 88 gate tubes (nitchcs one to six witb groupa 

lllle to f('ur, tor example). n: .. output terminals or these switches co direct~ to 

the grids of the gate tubes. 

Switcbt:s 25 to 30 0'-N ussocir:.ted with th-. g".tes controlbd b7 the 

conste.nt set. switches on p~el two of the const.rmt tr'!J!Smi.tter. Thet'E: arc onl.T 
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84 gate• as1ociated with these nitchea Iince the gatee a11ociated with the 

CDJTtctim rulse nre omitted. (This means that the operator ~a up caapla.nte · 

bert as CO'IIplementP .dt!l rel"pert. to lfll and DOt 1o'l-11 • 

ilt:enner a prcgram pulse is received un the ~!l~mt t-endnal of a 

~~~ con!ro::.., <.t ii 3ay, t~P output of the cat):.,~e foll.wer (t.u'- 64 iJt tJ11r 

transcei.\8"" p1•1l-.:.r. urit,; 11)es to the two decks or the co:-.~;t-:.nt l!electar n:it.cb. 

Tbe results o: ti1e r-riiNs settings on this switeb ~ £iWD 1!l thl rollaw1Jic 

table. 

TABLE 8-1 

Result 

'!'be esthc.J;. !oll~e .. potential 
ore:vo the ili fl;&t:.s .\; l am A I 21. 

r.ate A' .:.1 ~1\1) b opened. 

The P11 gates AI 2 &."ld A•.22 
are op:ll'.ed. 

The rY ~~tc: A~42 is opened. 

The p;: pte i. I 2 is opened. 

IIP.ck 2 

The cathoue follower potential opens 
the digjt. gates f:r gl'l'Up 1, that is 
gates Bl t..c: L', 1 and 21. 

The Pll gate A162 and digit gatee 
B' to L' , 41 and 61 are opened. 
(A • 61 controls the correction pulee). 

The PI( gate A' 62 and the digit gatee 
B' to l.' 1, 21, 41, and 61 are opened. 

The digit g~tes B• to L1 2 and 22 
are opened. 

The N gate A•6) lll!d the digit gates 
Bl to Ll 42 and 62 are opened. 

The P!l gate J) 6) and the digit 
gatc.s B' to L' 2, 22, 42, and 62 
are ~ opened. 

Since the eonst.:.nt. selector switches are coonect.ed in parallel, within 

b k · · ts" would be created a.v group or the same l!.lphabctieal letter " ac cJ.rCU1 
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sbiNld one switch be· tumecl to L orR when another is turned to Ulo For example• 

in tbe first. grCNp or 8ix constant. llllleet.or switches. it ;,.e 1a set. at .l~· !1° 

·lither ean be set at At or lft without trUISIIIltting eupertl.uous digits (ill the 

1:1111 of a positbe numbOII')• or the extraneous traruniasion of 9P and l'P onr 

certain channels (negative number). This means that it the number .tored aa 

grvup.s one and two rela:ra is tranaad.tted 'UI a ten digit number• thea at. no 

otber place in the .camputation can it be considered two tin-diglt mabers, 

.. rice wrsa. 

If an activated program control has its switch set to I. • the tin . L 

digits ot group one will be transmitted on chennels 6 to 10. U the nlllllber 

is negative nine pulses will be tr311sr:d.tted owr the Rl channel (A'l tUI'IIII 

eft the inYerter A'll &pening the gate 143) and th<J correcticlll Pll- ..ul..bll . 

tranlllitted over channel 6 (1.'21 turns oft the inverter •'11 opening the sate 

E4S). In this c.ase nothing is transmitted ~r channels one to tin. 

If an activat.od pz ognm control has its switch set at 'a the fiye 

digits of grollp 2 will be transmitted owr channels one to five. If this 

mdler is negative nine pulses will be tl""'..nsmitted oYer channe~ silt to ten 

and over the AI channel (.:.• 41 turns orr the inverter '•'51 openiJig the gates 

F to It 4J 311d 1.44) :llld the correction pulllt: will be trr.nsmittecl over channel 

one (&1 6.2 tums ott the invcrtcr .. •61 ~the B•te A45). 'l'hll n1De pulses 

tranaitted over channels six te ten give the complement with respect to wi0 

1114 make :l.t unnecessary to use a shifter in the digit transndssion line. 

It an act.ivated program control has its constant selector switch 

Ht at A the ten digits or groups one and two wd.ll be transmitted over 
!Ji 

channels one to ten. If the nwnber is negative nine pulses will be tran~ 

llitted over the AI channel (A•.l turns orr the inverter A1 51 opening the gate 
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W) llld the correet1on pulse will be transad.ttacl over channel aae (A•62 tUI"'III 

oft tbe inverter A1 61 opening the gate A45). 

The groups one to ldxtec (or 11. to Ha) behaw ~ a 1118Mer sild.lar 

to aboteo The gates associateclldtb ttte ecnstant set switches (J to L) 
L . -ll 

!lobate sinrilar}7 eJa:(,pt tor the correction pulse (as explained abon, or 

., S!Ctian lr.~~.}. 

J.2. Jleader Prosra Controla 

Tbe reader program controls are located in the initiatirlg unit 

{~te PI-9-~7) • The 1lll reader can be caused to read a card, (prodded cen&iD 

conditions are fultll.led in the reader), either by a program signal arrb1nc 

at tercinal. Ri on tbe front panel (PI-9-302) or by pushing the reader start 

blittaa Oil that panel. 

It the reader stnrt button is pushed the ruulti.ng pulse goes through 

the special pll1.se stand.udizer (61 and 62, reader st2l"t unit, see PX-ll-307). 

The output or tbe special pulse standardizer turns orr the inve~ers 63 causing 

lb.; butter 72 (Pl-9-104) to go on, This sets the nip-flops (65, 66)and(67, 68). 

'llle driving tube 64 goes on closing the startirig relq (located in the constaat. 

trllllmitter (PP.nel #3). It r. program pulse is used to st:ort. the ~ader it cC~~D~:s 

in OYer Ri turning on the butter 67 and setting the tlip-tlop (65, 66), but not 

the tlip-tlop ( 67, 68). 

1,2,2, Resettiy 

After the reader starts to rea~ the card a signal (a gate -voltage) 

CC~K;s l:ack oVt.:r connection 129 (see PX-ll-307) rrom tho reader causing the 

nip-nop 65 3I1Cl t,t, to reset, This signal occurs early in the card reading 

CJele ( wh£n the mi.nus indication is bdng read-b.:tore the digits are reNI 



I'In-7 

(tee the c;;m time-tabla on Pl-ll-120). After this reset ai&JIB1 baa uzt.wed 

U!JIIIIbsequent program pulse arriving over it. aet. ttJe ftlp..tlop and cle~~&a 

tJi starting rela7• Tbi.s causes tbe l'eadU' t.e CIOntillue and .;..ad the aacODd 

cord before stoppiDg. 'Die l'eiJet- signnl. arrives fl'OIII 800 to 1200 additiGD tiaes 

after the print. procra llipal. 

8.2.3. The Finish Signal. 

Just as the IJil re~der t1n1shes rrading the card a signal ill seat 

oter connection 127 to the special pulse at.e.ndardizer (65, 66) causing the tlip-n.p 

'10 and 71 to be set • This opens the gate 69 and it the; flip-fll'p 67 111111 68 is thm 

eet the inverter 61 (Px-9-106) will go ott opening the gate 62, 'lbe CPP passed 

here sets the flip-flop 63 :r.d 64 opening gate 68. This passes a CPP which goea 

thraugh the tranlllllitter ( 65-67) to the reader program output R0 , This 11- pul.8e 

@OCS through the inv:arter and butter 69 and resets all three tlip-rlops. 

The nip-flop 63 and 64 is a synchronizad flip-fiop. that is• it. is 

set br a CPP gated b7 62. The tUp-tlop '70 and 71 is not synchronized since 

it is set b7 a signal rrom the Ill( r.;ader. Thus, the gate 62 m&7 be opened iD 

such a way that it will pass 0~ part ot a ~. ~t it. rau,s to set the tlip­

tlop 6) and 64 no harm is done since the next CPP wUl also be passed b7 62 and 

will set the flip-flop 63 and 64. This rlip-tlop being set b7 a CPP will opeD 

. ~he gate 68 in ample tima tor the nm CPP • This !IZ'l'llngcment insurc11 that a 

lt.and'U'd synchronized progr:!.lll pulse is transmitted out or llo• 

8,2,4, Interlock 

Since the process of reading a card tnkes a ver7 large number of 

ldclition times it is desirable to be carrying on pnrt ot the COI!Iputation wbile 

Ud.s is bei~ done, !here will be a place in the scqu1.nce ot computati.oDs 

'· 
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~~:ere the nlll!lhera in the constant. tranllllitter are used tor the lAat time. M. 

this addition time the reader ma:r be progrllllllled to read t.ba aut Clint. Since, 

genera~, it wUl nat be known which process, that or reading tt. aat card 

ar that of CDIIIJlleti.ng the rest of the Rqllei!C8 or wmputation, will be finished 

firSt, an ii.terlock feature is provided., 'lbe final. output program pulse of the 

sequence of cCll:lplltation is plugged to R
1

• 'ftlua, fiip-fiop 67 and 68 is &et at the 

end or the sequeDCe at computations while tlip-flop 70 and 71 is set when the 

reader b t1nished. Onl;r when both of these things han happened will the sate 

f11 conduct and open the eate 62, finall.;r giving a program pulse out of R • 
0 

The reader start button through buffer 64 also seta the interlock 

nip-flop (67 and l!S). Therefore, '.'ihen the reader .start button is pusbed 

the reader reads a card and a reader program output pulse is obtained at R 
0 

at the proper time. 

The initial clear gate causes all of these tlip-nops to be reset. 

late that when the !MAC is turned on the starting tlip-fiop (65 and 66} 111&7 caae 

111 in the set position and before a CPP arrins to reset it the reader 111&7 read 

aae card. 

8.3. f..'!J!.IEli!CAL C!R~ITS OF THE CONSfAJ.'T TRA!CSIITTER 

The rnu~erJ.C't.l c~reuits or the constant transr.C.tter c0111prise the 

lht.ecn ~OI!(Jl'l of' etl'l'aga rela;rs and their associat.ed gates (A' to L' 1 to 10, 

· et c;_-t.era). t~e ::on:rt.ant :md HI set switches (on panel 2) and their OJ.ssociated 

• cates, the in'lertcrs (A' t.o L' 11, et cetera) &r.d •.he pulse gr.tes (A to I 41 

~ to 1.4; A, E to !C 1,4; L 43 and 44), and the tnv .. ::'tc:-r., buffers and transmitters 

dlto L 46 to 50) • 

• 
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8,),1. 'lbe Storage Rel&p ancl their Gates 

This desc.-iption of the storage re1.&7s will be ~Ym 1a. tww. fiC_-

· the constant transmitter cross section dl'awiDg R-~U6. On that ~ 

there appears a wiring diagram or group 011e re~, a scllaaatic diagram of 

£'OIIP oae relaJIS, a coding cam time table, aad a cross section of the ,.lectronio 

circaits~ 

As the Ill( card goes through the reeder the positions on the card 

pass 1lllder the reading brushes in the following order (see the caa time table 

:t-ll-120 or t.be !1111!111 table on Pl-ll-U6). 

12, u, o, 1, 2, 3, 4, 5, 6, 7, a, '· 
Tbere are eight:y columna on the CIU'd and 9.U or these pass under the reading 

. ll 
brushes at once. Punches in_ th\ position will be used to indicate lllinu 

signs, while punches in, sa;y, position tour represent tbe digit tour in that 

To simplif;y the following discussion it 'lll.ll be asllllllllld that. leads 

llldlered one to cight.:y ot the Reader coMections go directl.T to the corresponding 

re3di.ng bru!ll. Actually, these eighty connections I'IIZ-7 be 1113de 1n 111\1 deai.red 

Ellller si.qll.7 by rewiring the plug-board on the Reader, see PI-ll-3()5. 

The rela;y labeled RAB (schemat!.c di&gr!!.lll ot group one rela,., 

PI-11-116) is a FU isol'!ting rcla,y which handles the tirst. three groups 

C'J., ~· and 1\_). Referring to PI-ll-120 it is seen that c:am C99 Jll!lkes ccm­

t~ during the reading of the eleven position OD the Cardo U there happens 

to be an U or 12 punch in whatever colWDD the minus inc!icat~ tor group one 

il placed, ss7 column one, a circuit will be lllilde through cormection 97, 

., eaatact RJ.B• and the pick-up coils or rel!IJI 1'111 and Pll2• l'lben these rela,ya 

3ft Piekt:d up thC1. are held by a contsct on 1'112. This holding is controlldd 
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., eoanection 81 (tor group one) and lasts at least (it , _ _. , • ., ......... cmger' ... 

Sectian 8.4.5.) untU the next card bas begun to be read. 

The following ta'ble gives the 'VIU'ious camb1natio1111 of .... 4''1& nlq• 

tbat are closed during the various positions ot the .card readillg. · 

TABLE 8-2 

Card position 12 u 0 l 2 
{ 

3 4 5 6 7 8 9 

jntb DO minua cl cl cl cl ~ lismeaticm . 
c3 c3 c3 ~3 ~3 c3 

Cs Cs 
c7 c7 ~ f, f, c., 

~tb lllinWI 
~cation 

cl ~ cl ~1 ~1 

c3 c3 c3 c3 c, c, 

c5 cs 

c7 c7 c7 c7 c7 c7 
• 

The reader can check this table in the following manner. Itt~ 

lllllber is positiTe the coding relap c1 to Cs are connected in pairs to the 

cacli.ng cama CB2, CB4, CB6, and CBS. The coding cam time tabll:! shows tbat u 

PDiition seven or the card, tor example, is under the reading brushes codiac 

CiiaS CB2, CB4, and CBS are making contact. It seven was punched in the first 
--

.COlumn storage relaJII 1-A, 1-B, and 1-D will be activated thrCNgh the contacts Clll 

~IIOding rel&)'s c
1

, c
3

, and C.,• Contacts on the atorag6 reb.ys will cause gu.te 

r. 

l ...... 
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f.1lllel L•1, 111. aad )[I 2l to be opened ul.timatel,y canaing the 1, 2, and 4 pubes 

(u.toget.ller IICYI!Il pulsea) to be tranlmitted owr chaniael ten. u there bad been 

·• ~ iDdlcatiaa puncb the P11 re1a,ya (1'111 8Dd ~) would be closed (and bald q-

tlle dmdt through connecti.aa 81) and the coding reJ.&Ja would be conneetecS to 

c015J1c calli CBl., CB3, CBS, and CB7. U again, snea wre F 7 d !a tile t'Jrst 

calal, 111117 caa C113 1e malc:iJJg contact 'llhea the seven passu under the relldiras 

tmhes aad the ~act OJI C) c:&'WIH Rorage Nla7 1-1! to be picked up. Ultimatel,y, 

tlds causes tbe two pa18es (c:aaplellllllt of seven) to be trllllllllitted owr the tentb 

cll!mal. Shlee tile Bl rel.lvs are closed, e contact on N 1 cawses gates A• 1 lllld 

1.'21 '-'be opened. These ge.tea provide (tor a five digit mnber) tor the llinu8 

indication (Dine pulses on the HI channel) and for the ccrrectioa pulee (to gln 

cmplemeats ld.tb rcapect to lfll). 
8.}.2. 1be Const.am and -N Set Sllitches 

Pl-ll-307 ~~~loa that these switches connect direct),J to the gates 

far the lllllllllers .JL to lift• Only the switches for the first and tenth digits are 

dra.n aut in detail forth~ gsoups J and x. There are tour HI switches, 110 these 

tll!llt7 digits caa be used in groups of five and the signs -or &1fT OJie group set 

indepeadent or the others. It they are to be used tor ten digit IIUIIIbers then 

boUa N nitcbea Co\ and "'a• ~or ........,Ie) muat be set toP or to II depending 

lpCIII the •• l+er. 

!be constant set switches eonsiat. ot tour parta IIIIJIIIIt~ 011 two decka. 

· · 'l'be IIOv1ng portion aakea coatact ill such a manner as to· open the 1, 2, 2' • and. 

· ·t. to which the switch 4 gates in various eombinat.iODS corresponding to the diP . 

11 aet. The gates opened b7 various nitch settings is indicated b7 the crosse• 

111 the toll.otd.Dg table. 
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TABLE 8-]a 

0 1 2 
&witch Sctt1n~r 

GateS 3 I. s 6 7 8 9 

l X I I I I 

2 X I l l l I 

2' I I 

I. X I l J: l I 

In the case ot negative numbers read traa. cal'da u. coct'nc I'BlAJif·-
II 

automatically take the complements with respect to 10 -1. '1'bla 11 not true ot 

Ule constant set switches tor groups JL to ~' that is, 1n setting up a negative 

lll!lber on these nitelles the operatar must take the complement himselt. Ro 

correction pulse is provided by these 1\1 switchc:s so negative nwabers U'll ..t 
II 

up u ccmplementa with respect to 10 _. The following table illuatrates varioua 

lllikll settings. 

· TABLE 8-lb 

Raer to be Ri SettinRS SWitch Settilll!l 
Se\ up JL .1n 1 2 3 4 s 6 7 8 9 10 

•231.56 on JL 
IIIII p p 2 3 4 s 6 7 8 9 0 1 

•'18901 an Ja 
-1231.5 on JL 

and 11 p 8 7 6 s s 7 8 9 0 1 

•'18901 an Ja 

12345 on JL 
and p 11. 1 2 3 4 s 2 l 0 9 9 

-'18901 on Ja 

1231.5 67890 
l 2 3 4 5 6 7 8 9 0 

- 011 JI.R p p 

-12345 67890 
8 7 6 5 4 3 2 l l. 0 

OIIJLR 11 p 
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1.4• THE Illl REAma 

The IBI Reader 1ll.ll. lie described in tel'IIUI ot the wirlng diacraa 

PI;.Jl-llCj. J.t tne tup of t.hill drawi.ng are tables which give the locatiolll ot 

the reh:vs ar.d cll!l.!. !lot e that the variOWI parts of one ~-elB-7 (tor example, . 

the bold coil, pl:-k-·~p '"Oil, and various contaes) I'IP.y b;, located in wideq 

d!fnraat pla-::.;s 011 ;;t-ia d:•awing. The tables at tb~ top ).ocate all ot these 

pu:t.s. The tQI'IIIinrl ~osts ere located in the panE-l be!'.itld the motor generator. 

The COM('ctions tt' t~te ::lll plug (which plugs iDto a socl.et on the constaat. 

tt111SIIitter p-mel r.•lllber three) are pictured in tile upper right. comer ot tbl 

druling. 

1.4.1. The a-c Circu1t• 

The Reader receivee its a-c power by a stanck-rd 110 wlt plug which 

plvg1 into a socket on the bottcm of panel three of the constant. tranlllllittero 

Power is f\lrnished to this plug on1T when the ENIAC is turned on, plugs at the 

battta or other panels, except printer panel f/2, have power on thllll all t• 

time, The a-c power goes through a ..S.tch located on the Reader to the motol'­

pnerator and through contacts (on H. D. relay at lA) on a relq (pick-up coil 

at 28) to the drive motor. Thus, when the power comes on the motor generator 

ltarts up. When it reaches speed the 40 wlts d-e caus£ the green light. (011 

the tront ot the Reader) to come on and the H. D. rcla,r to close starting the 

drin 1:10tor. The H. D. relay prevents the drive motor tram operating in ce." 

of fllilure of the DOtor generator. 

· 1,4,2. starting circu1t1 

When cards are initial.l7 placed in the magazine, the magazine card 

:leter contact (Yag. nt CLC at 2B) 1e closed. This cz:.Wies Rolq R-1 to pick-up. 

· art~·· relq 't tllie time neither the auxiliary read switch nor the EN:U.C st ... 
~ . 
ft 
~-
1 



(Ill tile ccmatant. t.ram.1tter, 1ee Pl-11-307) Cllll CllllH the reader t.o operate 

s!DI:e Jb!~ 2 1a not aetiYatecl. 

It Sa thil cue, the illit1Al .tvt ke7 1s JIQibed, the reacler w111 

~' (as-=aSDg cant staeker switch c1Dn4,. u.&.ie, there l&l"e not. too IIID7 

!:"~ fa the card stacker) ancl teocl a card into positiOD before ccmtimaoul roll 

11 (tld ~ iD podUn 1"Hif7 to be reacl by tt. contro~ 11 readir~~ bl'll8be1). 

-as tile canl 1a 1n position hen, rela.7 B-2 1a utbat.ed b7 card lner caat~ 

#I. b eltber the aun u ary read switch or the ERIJ.C starting relay Clift cause a 

cznl to be read. The initial atart awitcb, Iince relbya R-1 and ~ l&l"e eacb 

zctinted, C8IIIIIJt c;auae a eard to be read at thia point.. 'l'hua, upon cloaq 

d.tllll' tile •• mulal7 nad switch, or the ENIAC w-rt1ftl relay the card pun• 

lllder tile 11. (cantrol) reading brushes and stops Sa posltian before tbs ~ 

read bialbe&. 

It ~ ot the control arranp,caents (like plngging to control huba oa 
• 

the p~) are being \HMHI- t.~ •cuntroXW" irultnactions are now riiiUIIIberecl 

I:T eert.aia relaJII in the Ren.cler. Note, that ttd.a ,..__.,. depends upan the IIJ 

'lolt oatput. ot the r.d.or-genere.tor on tho re&der. 

lfltb the tirst cerd in position betoro the 12 read brushes, a cii'Cl 

kwr coaUct (CLC ll) causes R-60 to be activated. It the auxilia17 nacl . 

lllitcb is agd.n operated thia card will be read by tbe #2 reacl trullhe1 and the 

(liped) rnmbers atond in the constant transdtter relaJII. 

ID practice the relay timing ia such th~ Sa 1nit1all7 placinc cardl 

Ill the reader (by placing cards in the m3gazine eJ1d deproasing the 1nitial. atart 

· DJ')tb~ re~ ma7 teed cards up to position bet:~re the fi2 read bruabes by ,... 

· lllDc throu.::;b two c,"clea. In this case it b reUq to iJ:RediatclJ re::.d the rirat 

lint. It tbe tirat card was ted only into positiaa ~tore the #l or control 
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llriiSbe• (aae cJC].e) no bana is dane. It the reader 1e Delli pro~d to read, 

relaJ B-60 being open, it will read the bt Card b7 the control b"'sbee Mil.• 

reset ar tirdm signal •111 be sbc Gilt. 'l'rle~ aae stlll'ting rea, still be11Ji 

clDied, the reader will 1Dmed1atel7 start another qcla 1a wbicll t.he first card 

JiiSRI ..rer the 12 brushes. 'l'lhell the cards are iD position, relaJa 11 &lid 

n. an actinted b7 the card contact lenrs, (llagaziDe cu: •• ca. #1, ca. 12) 

m1 tbe stan ke7 becomes inettectin. ltt.er rela111 #land 12 are activated, 

cztacta OD them (at 38) enable the awdllar7 start ke7 to cause a card to be 

rad. l starting rela7 located ill the COMt.ant transmitter (see PI-11-307) hU 
• caatact ccmnected in parallel with this au.dH&r'J' start ke7• l unit located 1D 

tile iai.tiating device (described in 8.2.) causes tbis starti.Da relq to close 

IIIII t11as causes the reader to read a card. 

11.4.). IIIDerl.cal C1rcld.ta 

!!Jere are two sets or 80 reading brushes, tbe first (11) are the 

llllltrol brushes and the second (#2) are the ones wbic:ll read the numbers lllld 

tl!elr aigns. 'l'he number two reading brushes (at 6B) read the nlllbers and 

II signa OD the cards and ria connections on the plug board cr..rry the corres­

JII""'ng s1gnala to the storage relays in the tollowiag wap: 

.. 
·' ' ;, 
I­

I· 

(1) Directl7 to th~ storage relap (hubs located at 60). 

(2) For a col'lllllll in which the AI punch oCCUJ'S the connectioD 1a 

(3) 

from the reading brush hub to one ot the AI hubs (labeled "DD1nua 

control" on the pl~-board) (at 6D on PX-11-119) and traa the 

other Rl hub to the corresponding storage rela7 hub. 

Or, it desired, the connections from the readiJig brushes to the 

. f the .....,.., selector relq contacts storage relqs f1IA7 be b7 way o <>·--r 

(at 68 and 6C) • In this manner certala control JIUDCbes U7 
• ... , ~n brushes to go to either 

cause information trom one set of re~~ 
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.- r4 two sets of storage rel.r.Js, or euch ·cantrol "''"Ches ..... · . . r-· ._ cauee ODe set 

ot storage rela.Ja. to receive information fraa one of t•o eete or nadine bruebee 

I•• SectiOM •• ,..,.. BDd 8.4.SJ 

!.£.4. liJ?lP Selection 

There are sixteen five-pole, doable-throw relay nit.chu (relap 124 

to as~. two rela78 to each s~t.ch, bold coils at 4C and 5C, co~tact.s at 6B aDd 

6C). !be coile at ,.C aD&l 5C aerve !or pic:ldDg up &lid for hol.dl.Dg. ·.Then ti,... 

pale, doubl.e-thraw •itches 11&7 be usecl to rearr&~~ge tbe 1nfcmaation cCIIIdDc 

iDtO the storage rel&P..• These rel&Jll are picked up t~:• contacts OD rela71 

7 to 22 (at. 4C BDd 5C) in series with the cam P6. Once tl\ey are picked up 

tbq are lleld liT c• P?. 

Referrillg to the cm time table ( PX..ll-12C.lw see that reU,. 

7 to! 22 rar be picked up aJIT p·laee in the card C;JCle, that ie, fraa 11117 piUlCh 

(Iince c1111 P5 makes contact all tbis time). If 11117 of these rel&JS baw picked 

up, cam P6 will ca.uae the corresponding rela7s 24 to 55 to piclnllt at ihe end of 

tbe caret CJCle. Once tbe7 are picked up cem P7 holds them until the end of the 

am card qcle. Since the card going under the control bruah81 will SO under 

12 read brushes exact~ one card c71le later, this means that a group sel.ectiOD 

COIIt.rol punch will activate the gr011p sCJlection relays during the tillle the card 

11 passing under the 12 read brushes. 

1.4.5. Reset Control and Reset ShuDt 

'l'he storage holding relqs ( contncts at 7B. pick up coila at )C) 4, 5i 

IIIII 6 cause the reu75 in tM. constant trmsmitter to hold their inforMtion. 

,_-Die time table s~s that cam CBlO causes thil&El rels.ys to hold from positiOD 

: 12 on one card until 13.7 on the naxt. card. That is, the information read 

: ...._ . · of the relldiJig of the 
. • ...... one card is normally dropped out :1t the beg1Jirllll8 
I 

llleld. card. 
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B7 plugg1ng traa the reset cont.rol hubs to the reset shwat. tbe 

~aponcling conataat t1"811S111tter relaJ'II can be caused to hold their Wona­

tiia ant.U aach tilllt aa the relap 56 to 58 are actbated.. 

B7 proper pluggillc an the plug boll"d CODDectian can be lllflde trc. tile 

11 Nad 'lnshes through the pick up CDU af ~ 2) w tfle d!g!t selectar. 

Ilea l"'!lq 23 ill activated rela7a 56 to 58 w11l be picked up b7 c111 P8 at 8o5 

Ia Ull ..a c,de. ' CDDtaet oa rela:r 57 and c!llll Pl causes rel.o.J 59 to pidr up 

It 9.5 in the card c,.:le. 'l'his ia sbcNI oa P ..-11-.JB. 

Suppo~~e that reset control is operated trc. a "three• punch iD -. 

cohm in what wUl be called a master ~. Carda witbol&t this "three• piiiiCb 

(ill that eaae column) will be called detail cards. · 

.t.t the end at a c:rcle in which such a sster card passed under tbe 

caatrol (ll) bnlsbes relap 2), 56 to 58, and 59 un all picked up. Dui.Dc 

the DeXt card c~le the lUSter card 11oi11 pass UDder the #2 read brushes. a.lq 

59 holds until near the enc1 ot this eyele prenating either a reset or a f1D1ah 

dptl. Inspection of the reader starting circuit on Pl.-11-30'7 shows that u.· 

ltvting m~nop (65,66) 1a still set !llld that the stutillg re1&7is still 

letinted so the reader :iaaediatel7 goes on to read another card. The rel.ap . 

lllieh are shunted (b7 plugging reset control to reset aiNnt on tbe plug board) 

dlJ. hold the intormatioa read traa the master card unUl another master card 

lilies :Wing. New intonaation will be put into the other relayl tor each detail 

.• ·6. - Codlns c.... 
'lbe coding cams are located at 6A 2.nd ?A oa PI-ll-119. 'lbe7 clirect)7 

tperate the coding rela:rs located 1n the constant tr:ms:dtter. see 8o3•1• 

•• 
,: ·~· 

.Z 
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8,4, .,, Raaet St!!!!l, 

Cam P4 proclucea the reaet aignal at time 12 1a the cud ••· '1'h1l 

·dpl will be eent to the conetant tranllllitter ( act.ual.l,y to the initiathtc 

aait) dftlT it rola;y 60 la actbated and rele,y 59 1e DOt, Relq 60 1e act.1Y&ted 

OlllT•hen carda are in position at the 112 read brllabea (eee CRI2 at 38, that ia, 

COJiinuCNe roll 11'2), Rel.a;y 59 1a acti'l'ated anl711h8D a "maeter• cud ( a IU'd 
. •l 

lith o. p~mch operating reset control rela;y 23) 1e at the 112 read bnalll'lla. 

8,4,B, Finiah Signal 

CU. P3 produeee the fiDish aJpal at time 9.5 1D the card reading 

~le, Ae with the reaet signal thi.a aignal. is obtained onq U rela7 60 is 

aetiYatecl and rola;y 59 ie Mt. • 



'1'118 I*'lnter cauea •i&htr ~1:8 Uld u many u sixteen Plol aip8 

~- atw eel ill" certain ac:.cumulatOI'a I.Uld possibly the master pror;r-.r 

to be P"""'bed em JBK Carda, In the cue or comple:nenta (wllleb repre .. nt 

aeg&tlve numbers) the printer rel&y~ cauae the IJ11; piiDCh_ to puaab the tru 

•ptlft nwaber and a corroapOAdln& 11gn 1Dd1cat1ou (an 11 puach), 

-:then oporat1Jl& ccmtlnuoual~· tho IBJ.: punab cua punch a card sa 

C.61 seconds. !lowovor whon atartln& troc rest, thll inertia ot thu pwac~ 

IJII 118cAIIIIia:~ ~· the :punching tkle o.B2 aeconu. 1'hc 1101ita ot tllil 

~:!lAC associated with tM printer (ai~ht accUDulatora, Ill.)', and tiw decwa 

fll t .. I!.P. do :~ot h:lw to wait while tha ccml'leta punch111fi cycle talola 
r-

p:W. bllt only 0,, &Occmda, It t.lul pllnch 11 proo;ra~~~~:~ecl 'before tbll end of 

tbD first CJOla to pUDch a aaccmd card then the two cards will 'be puzacbed 

Ill 1,, seconds, Howewr, it the aecond !li"O&J'III!I li&nal c-• Ul)'t1M lifter 

tile first cycle is c01apleted the pllnch essentiall;v loses a c,cle (bocaun 

fit tba clutch llroppillc out) and the :;.lWlChing of two cards wUl take at 

Jeut 2.0 seca:ada. 

1'boro foro • lt thoro 11 no noro than aJI!>rox1111:1toly 2,000 addition 

tt.1 botwcn print~ jlrO.,TaJ:I.B, the punch will punch almost 100 cardl 

Jllr illinuto, A ll:l&ll incroaso in the nw:~bcr ot addition tSa:la betwoaa 

Jl'1oting progama ·rill cut this down to not more thaD SO clll'dl per m_iDuto. 

It lllould be emphasized that while all these tiguros ILI'O nl14 ·~ tho tilll 

·It writing, tboy ma.y vary \Ylth til:lo, tomporo.turo, :pWlCa wear, lllld so forth. 

Circ .. l·ts tor the pri~tcr ~~ located iD tbo Tho ,rograg control ~ 
'. 
:~ .. 
Jaitlating Wlit. ""!bon jlrOSJ'•••ccd to print, the Im.l pu."lch wUl start, tile 
-~ 

' . 
. . 



u. a 

rola.JI 1D tho printer will bo sot 11p bJ tJx. ltatlc output• of the ftrlou 

l.ecadll and. Pii anita. a reset ai;7~&1 will ccae froaa the PIIDch to the 

program control clrc11it. ucl the ;pllllCh Will complete the PIIDcbiJI& c,.:le. 

De reset alpal can be uocl to coatbwc ccaputat1on 1D tho .imLi.C. Sbae 

till sot up thio of tho rola111 11 amall camparad. to tiiA t* tar p~aeh~ • 

urd th1a arrui!,Omcnt prcYOnta undue -=;to ot tSac while the card 1a bo!N 

JIIII!Chcd. ~the CU'Il p•dlinr; C,Clc b c:aaplet-'4 an intorluclr: alp&l 

c~~ fl'CI!:. ~ ~IIDcA tA the printer allowing the. rela.ys to act up :mOM" 

LI'CII'icld r.nothor ~lat proulll!l slgn~l c~ olonc 1D the: J~Uantimc. 'lb.la 

Cllllltitu.tc.a ~ I!IOChll:liCa.l interlock crr.oDfFIICDte 

On the printer there nro aixi:oen •print• ntltches which ea;;.bl._ 

-tbe oper~tor to print or not J;1ri•1t :.r.y one ot sixteen ;ro11pa of' flvo 41[1t 

IIIDbers :mel t:1e a.ssocir.tocl p;; injic::.tion. Thoro cro sixteen coupllDt; 

nitchcs '1\ilich ll~Uo pos.s iblo tho ::'rbt1Dg ot go11ps '!fith ton or more digiti. 

ftrcao CDilplin& &witches scr..o no p11rposo ':lbt.n pr1:1t1ng posithc nlllll'bora. 

Ja printing nog::.tivc n11111bcra tho.:y t~e cnro ot the cr.zry o'll:l' 1D tho 

11'00011 or tckiJI€ tho c0111plomonta :mel :Uao Fll tho PU rolaya f'or tbD 

touplcd goupa. 

Tho closcriptian ot the printer 17111 b::. &~von .iD t~• of tho 

MlowL'l{; clrawi.Dp 1 

Printer Croaa Sc.ctiCD P7r-l~ll5 

~- Printer Bluck Diagram P~1~7 

--
~· IBll Gang Plmch P7r-12-lll 

fl.c discllnion will bo diviclc4 11p.ln the f'ollD'.Yint t!&IUicr: 9•1• Pro;r• 

~trol CirCilits. 9. z. ilWDcrical Circllit;; of the Prtntor. 9•3 • J:m,: our; 

an~ 9.c. Exaploa. 

·-

,, 



tile printer pror;,na CIIIJiboQ1 circuits Clliaprbc most or two pluc-

111 uitl 1D tbc 111lt1at1Dg 4cvloo (P:Z...9-104. and P:Z...9-l05) u4 tbo priDtSJtc 

IJltclli;s ~ca.tcd on puol two ot the printer. rhc clrcults located 1n tbo 

lllltS&tinl; 4cdcc 111'0 roprcsc:ntc4 1n 'block dlaum term on P:Z...ll-307 

(lner lett corner) or PZ-9-30. &114 in datall oa P:r...ll-115. 

t.l.l the Prlntlpg Slrltcbet ( 
The printing switches almply dlsoonnact the pow.r (+200 • liM) 

ta tile 4tglt an! PJI ralaJI of ea1:b grailp. Thus, If the print l'lrltoh tor a 

..,tlcalar goup la set at •orr•, the relaJI or that group cannot plok.-ap 

all thlls notMng will be :?unchocl l!l the corroapon4lng position on the cara. 

1.1.2 Startillc Clrcutt 

:.n7 palse arri•lng At ~ printer proGriUII inp11t terminal P 1 

(see P%..9-302) vlll ( thro11gh the butrer 67) set tbe ru,_nop (6& mt- lfh 

!bll cuses the driwr 1'0 (M!.ich bas its cathoa o.t +20 wlts, lllll1 bali the 

ltartlllg relr.7 :ur its load) to CCDe em, closing the stll.!'tlng rolaJ (located 

Ia the printer p&Dal Jo. 3). This fliP-flop ·w~u 'be reset 'bJ uipal 

'lrriYillg trCD 'the punch tbro11gh the b11ttr.r 72. ( It ca.n be reset 'bJ on 

'JII, ICc SGctlCID 9.1.5.) 
~ 

~.l,S P.csct GD4 Pro;rga Output 
~1.~ 

;~.· Arter the )lri::ltcr rchys ha.YO set 11p, (thc&O rtlaJI set llp.whOD 

!fa. IDterlocll: em ~Iii cont~&ct and tbe starting reloy i:: llCt~•:~.te4) near 

.. becinning ot the Cllrd punching cycle (o.t ~g,rd time 11.2) tho reset 

~~ '11111 arrl~ c.t tho printer trOIJl tho pllJich. This stcn:~.l po•••s . 

"• ( it p·· 9.105 IOe 
ch the. spccbl :::'Ulso z:t:md::.rdizor 61 and 62 in un - • 

lt.Jo7; tor A clc::cription ot this circuit soc Suction 1.2.7 )• 'l'bo 

'!' 



!dpG at thill p11l81 •.tendardber aeta the tllp..tlop 6& 11114 es uacl alao 

~&II the innrtera 6S providu a naet a1.-nal tor t .. - t 
cr· - I llrtillj; tUp. 

11ap UICribecl &bOfte 

the _tl1p.fiop 6& and 6S opeu the c;ate 66 ,._lllg 
1 

Ci'F whlcda 

.u tbe flip..flop 67 ucl 68. '1'he outpqt ot th1a tU.p •• tlDp ptu a CPP 

(&do 69) which roseta the two flip..nopa puain,; throqp the tr.ullittor 

11 to 72, ancl appc=ars at the pr1ntcr output tcnaiual p 
0 1111 tbo initiat.lnc 

Dlt front panel (aoe PX"-9-302). J.t tho tir:lo of writing this report, 

ltuting with tho punch at rest about 1900 flliclition twa ola~socl b.:twoca 

111 rLcc.ption of a pro9'cm p~.~lao at P
1 

u4 tho output pro.7111:1 fral p
0

• 

!(; ttmc will probably r..ry with respect to temper~t~~r~ and ap ot the 

a II!IOng other th1n:;a. 

This do11ble t'llp.rlop arr~m,...:eut 1s a •:vnchroni&iag deYiae. 

• tbe t1m1nc at the reset p11lae do:l:IOII4• 11pon t.'le mechwlical opera.tioa 

tile p11nch it will gencro..lly not be synchro01i&ed with the CPP 1a tho 

J.C. 1'ha 011tpu.t of tho gcoto 66 will be SyDChronbo4, but it Cllllnot be 

••1ttc.d since tho rlip.flop 6&-65 'I!I&..Y be act At &uch a. t;.. tha.t it 

il4 pc:.ss a. 81lbSt~d!ll'4 pulse. If the Cf!' pc;.uod by 66 is 111:ik a.nd. doea 

i •t tho rlip..flop 67-68 no h~ 11 done for the next CPP (6&-&5 1a 

).ruct 1a this c:~.se) will be st:mcbrcl ::nd :rlll &at 67-68. fbe clrculta 

i::. · • ... 4 ..,. te tube• r.rc rcl;:.tiYClJ l"'ilinc thoso rup..rlops r.nd their ::.sao~1!1•c .... 

• ~ nd ) '!'hill u ::. CPP seta !r·hho rise tlmo is on the order or 50 f soco 5 • •· 

1: 'n "'9 ••ill op:o:a only 1a time to s:llcly JY'..IIS tho . . ip..flop 67-68, the g.,_ to .. .. -

1".;.. 1~-tcr. ::D~ tho outpllt or c::. to 69 will •icb a.rrivc.s oao :-.ddition time -

b<: ::. st:.nd..rd pu.lse. J!otc th:.t t.'lis proor:.m out~t occurs before 

. ) 

I' 



_.:at tho~ tlllo ot writing thla nvort thu time wr.a . •--· • ~~ox~tely 1150 

lddlUDD tSaus), . 

t,l,& The Interlock CS!I 

'1'Jia interlock cam lllabs CODtaot near the aDd. ot the pwscb1Dg 

Qlll• (~arcl tlr:le 13,3) 11nd breaks near the Pli p1111~b or the Dext car4 c,ale 

(tlae 12,8) (sea tho tilllo table Clll Pl-18-307), Tbb em ad a contact oa 

tile atartlng rolay (in sorioa) cannoct the cathoclos or all tho tullos Ia 

tbe Jll'lntel' to +20 volts, \'lhen this C1rCil1t ill open the cathMK n.. 

h• the 21, 10 watt rellistor near the starting relay on PL.l.a-307) to 

.-zt 200 wlts, SiJico this ls ab011t tho •- potential u tho plates, 

., 11pal Clll the. grids (&114 toac.rally thDro will be sipab .OD certain· 

1W the :static 011tputs) will not cause r.ny ot the tube:; to p on lillcl 1et 
~! 

"tbeir corrupoJiling rolav-;. 

The printer !!IllY 11g~in be prog:II!IIIISd to print D.l1Y t"- GftU' 

t. reset sig;tal hao arrived (:;eo Serth01 ~.l~S), !.kl'.1a·•.r, ixcept tor.;, 

b ~t1vat1on ot tho atartlng relay, nothing will. happen atU the encl 

f tbe cycle which the punch is in; until the interlo~k C&ll makes caataot, 

'ala fwnishes a i<l~Cl:.anical interlock arranpment, The s~cODcl print 

~1 cannot call5e any tubea to cond11ct mel relays to set 11p in the printer 
~ rn. tbe fir:;t p~Ching cyclcio 1;; CCIIplGto, At tlmo 9,5 in the tirst 

"!d•• tho holding cam broa.la: contact rclca:; i~ 1111 rolllJII in tho printor. 
··sc 
1·tllllc 13,3 the intGrlock cam ~· llncl (provid-.d t;b,. start relq is 

,.'lilted) the printer re l:oys set up in the 1111f Wfl.'t :ond ::~. secon4 cud is 

r~ 
,. 

·' ,-

T::.ble 9-l r;ivoa the timint; ot tho ,rintln& sequence. 

I 

,. 

' ! 

,. 

,, .. 



TABlE t-1 

,. nm• CU'cl Acti'dt;r 
fill• IICio Ti.u 

D 0 I) Printer pr'Op-11111 plllse U"rbes (at mit1at1D& ~mit), 
Sta.rt 1ng relay closeil ( 1n pr 1."1ter), 
IBJ.: p~anch atU'ts ucl relap set 11p. 

11.1 CU'r,...onr cu llllllba 

L..s. JlolcliD& CM aakea, 

12.8 Interlock Clllll 'breakl (this tllriUI oft all tllbel m 
pri:tter and, thue, rdea&es the accwaulatCII'a ol.ll4 
master progar.uner tor other acth1t1ea), 

11 PU mclicationa ~~ore puu:he4, • 
-

1900 11,2 Reset cam closes caueias 
to ·' 1) Starting tlip..tlop to reset .., 2) Printi<r probJ'IIIOI outp11t l'ulse to 'be traasmlttc, 

D: l;..C procecda ~Yitll othn cc&p~atiDG 

n.a Reaet cu breaka, 

... 0 . 
1 Digits U'e punGhed., 

to 
' g 

9,:56 CU'r,...over ca.m 'breakl. 

'· 9,&5 !lolcling CIJII breakl 

io • .s 1:5,:5 Intorlock cer.~ c:aku. Relays will aet-11p ~aiD u 
aoon 11.11 atartill{; relay 11 closod, Hotc that tho 
next print in;& 11 ignc.l may c.rr1n GJlY tim•-~·~ tM 
reset cam bre!Oks , thc.t is, OZ1'J time e.rte&. ' ' 

' st:ll"tlng relay bAa 'been closecl. ·.:· 
I) Punch stops unless !' 



Clo~ly, tho progr:J••·ning 1n tho EBIAC mast not 'be lll'rcnpa 
10 

t~~:ot 11 1111 ccmd print progrcm input plllao arrl~s ~ p
1 

'befor~ the r8let 

sip&l haG been glwn out by the p1111ch and tbe fllp...flop 68-69 hu 'be• 

nset •. Hence, no palso should 'be auppliecl to the prlnt:ar pror;rm baput 

atil attar a pulse ba.G boon om.l.ttocl rr- the printer prognm aatpllt p 
. o' 

1111 plllsc arri~ii.lg attor tho rcsot sl&JI&l '-*- JIGrorc tho oa4 ot the car4 

piiiiChin& cycle (t.hat is, durilli;; the period ll.2 to D) will 'be r•elllberecl 

..twill cause the :;::unch to contiuo and p1111ch the next oar4, 

1.1.5 l!!J. tial Clear 

. The anly place that the initial clear ga.te ia uae4 1n the printer 
• 

circuits is to reset the starting tlip...flop 68-69 (1'1-9-104 1n tho inl­

tlatin~ unit). The character 1at1ca or the tubes in those O"..:cuita are 

111Ch that wilenev..;.r tho power is turned ott or turned c;._ (iJl ap1to of tbl • 
alltomatic in it ie.l clou) tho atartift& rolay will be closed long oDOap 

• 
to C&UM tho punch to too~ a card tbi'oup, 

9,2. THE IW~ICAL CIRC&.::rs OF ;;.'HE fRlllTD 

Of tho ~ixtocn rolay groupa, groups ono and alztGon llld parte of 

p:a11ps two lllld fiftc;~n aru roprosentcd on PX-13-307, AsauM that tlla 

Pl~~E-boa.rd 1s ao wirod that tho colWIIDI (A, B. C, D, and E) corrospcmd. 

ta the first five columna on the lBi& card, Suppose, furtherl:loro, that 

tile P!: indication for thia t'1vo dl&it group is to bo p11Dchccl ·ID colllllll aae 
•. 

Thoro arc f1tty digit triodu in g011p one (actually 25 6SI?'a) 
. 'b 

llld three y.,; tr ioclea. The gr ida ot these tu'bea coomect directly y a 

51 line ca'blo to the atatic o~r;pute of the decades and Pl.l ~it_ or Ill 

ae_c1111111la.tor. Just one p-1( Uno goel to tho three utda or tho PK ta'bGio 

·•· 



u .. ' 

ftc tabes iD each cc.luzm are 4 to4 ... 
\1110 uJ AD to it9 • BO to I!J • et 

liol"'r&i t:a.:.t is, the :.;cx-.d SV!:!.'.lol 'knot .. ~ .. hu 4i S:t .. " ~ " t; 1'\lpi'CIC&It\.4 1IJ' ~t 
-ftft ~t·p of L .... • · t · ·- <..· ~.. .. .... ~:.. 11aoa arc ecru- •c .. -• t t'"-

·~ .... 0 "'" r.CI'tl&llJ 

sij&tl'fll Dllt::;;t;.> ct. t:&:; .st:..~'s af tac ct. cad.. 1'1n:;6. Tho Pi! ] illll ill tho 

ca:;:o: ;,.o-.. to Lll t:7;;;;. ::>:.. t~t,.r; (the tub~s drivillG th;:; CB.I'J7-ov::r rel&J 

c
0
, ..P t:1u -=:..: r.,b.:;s '1. am 1:.;. 

::::.;;. !::.-•"'• .tnr. t:h:l ~i~cr srrtn &t th• a,per lcf't cenwr ~-

itJJ-3C7.. T'.o.::s~ cd:~tcr le~s ::;o through trao1st'er contacts oa. the rel~ 

~~ Z1:! !:2 t' ":ll"l v:aric~a di(iit levels ia. the five col~~~~~:~~ of relays, 

.. :1 -t:,~ :ii~it a.."Jll i"!: rehys have holding CClllt:~.cts canl68ct~ 

t£c to a 1!~ con~rollad b7 tl:c ;'loldinr; cam. Tho holding cm l!laials at 

tK llc:;ill..·:J~ cr t:;.:.. ~=cC. cycle (at I5t! time u.s, se~ Te.blo 9-1) 1114 

lineD &t tlu ~~ of tn;;; ;;yc:l.:: (a.t 9.45) • T!ocsc holding contaetl C&UBe 

oq !'.-ls.y:; -=O:.cn ar .. z:ick-;4 up by tu.bcs condu.ctinr; to I'CIII&iD. up UDt1l tbo 

.= or t!l.; t]Cl~. Tr..ils 1 t& print'r tu'<~oll need to conduct only lcmg c~~G~~P 

" a&fel;r :<i~ a;p tu rela)'S. 'l"Ai& deteroine& tc.e length ct contact ..U 

9 the izr:t-rlc;c~ ·c= ( 13.3 to 12.8) (.note th:-.t it the pWICh atops betnea 

~JCle& tben ;;be tulles be.;iJ:. to co.1;i11Ct at tw ::l :: 13.5 when the abrt1.~ 

relay ill actbo.to:d). ODcc tte rela~•ll arc; picl.:od up th::. tuilel Call be 

t:lrncd orr w t1lc. tnt.u-lock c~ and IU.l tho units whicll con.1act sto.ticulJ 
• 

t~ the Fillt..r gou:ps r-oc;; liJ'illt n1tch ill •en' CaD. th&D bl reloued to · 

JIUtlcip.o.te in .!'lll"thcr caaputo.tiODa. 

It t!l:. bt•rlock caa hal made contact end th8 &tr.rtl.n& relii.J' Is 

closed., the:~ G:le 'lle;it relq ( iD e:lcb colu.::m) picka up' correapOIIIlU. to 

the &etu;-.1 zw::ber re;bterell iD. the decade of the accUIIulator or aatar 

JI'O!iJ':!Qer. i.ll till':." i'il relay: will pick 11.p to~ ether it the Dlllllller Is 

llep.tha; 

• 

'I' 

I .. ~ 



i. Sll,pOiill the DID:Iber ?123<15 1a recutere:i b. tb. clecadllll IID4 Pii 

1111, ,: :Ill a('t'II.!IUlll.tor associo.tecl. with ;;;J'OII? one relqa. It tbe pr1Dt 

sritct or group 01111 15 cet to FiDt ancl t!ll; &t...rti."J& rolq is closa4 

(asau:iD; -:;:,o 1."ltorlook· cc:.m is E•'-ln~ cont;.ct) t01:.n tJx; tllbos J.l, Bl, CS, 

Dl zi E5 will concl11ct clos~ r-.kya .U, ••• , Ia, 

JtF til~ C:.z'cl pll!I:ICII Ullllr.r th., pi:Deh:;t: 0 !JUll;.;a UTiVI: fr• t• 
dW cnrer t•lo; enitter li.Des. Sbce the ~on number w..a positiwe All 

tllree y;; rel:.y:: (00 , ~ u.n:l I:.
2
) :.re ~ti..-.-.tecl. 'fhu JZ:UU th:.t: t!a- Sa 

, ccm:1ect1on rro~ .:c1tter liDC •one• tkDII&ll tha ~'-illitr.r ccmt.:...~ -. la, 

throuijb tb.. cont.:..ct on Al to tbc tr::.nstcr cont;;.ct Clll Cl, <.D!l q to tJ18 

~h c;:.~ot (vi;;. the punch pluo ':l~:l) for colunn one on tiM; card. n.u, 

*" tl:ia Oil'- position on tho :::.r~ i:; llll:iGr the. first colu:m puuch 11 51p,:;.l 

fr111:1 c;;ittc;r line •ono• 'lflll (throu&D this Cirellit) CIUIIOO ·~· to 'bo 

r.mchc4 in the first eolu:::n or the. cad. 'i"b; cil'cllit:i tor t!K cllcm. 

nacr ~~ for :.:12378 are lllw;tr:...tecl b;r the rcrm1 In the tollcmiD& kblea. 

Ja thete tables (A) donoto:; th.:..t tlMl rcl::.:r 1s 1."1 the abnor=l or actl­

ftt~i po::ition 'Nh1lo (li) moa."l:: tut the relay 1& 1D the uomal poaitilln. 

'l'he resbta."lce-capacitanc:e circuits foWlll q the contacts ot the 

cury over relays (ancl on cme cont~t ot the &ta.rtill& reli,y) a.re t!' pre­

'llllt arcin(; at the cont11ct:. The protection 1s naco:oa;.;rJ' only llll cont&=t. · 

.Qich c:.rr1 relative hc;;.vy loiads, -.-: nat cul:r prolonJ>ll t.\e lifo ot tile 

f•kf bat )rovido:; core; rcl1:1.blc G!Jerr.t1ca. 

In tl1;.; c:.se ot thr. lli!Ol'bcr :::12310, th.? T.!ill!:a iniico.tiDD will c:allllll 

: lll~:r C to be ..ztiv;..ted t'lbi~ 1:1 tum (.l.Lallfl.i~ the collpliD& switch 1-2 
i 0 

Since the lo.~t digit is aero, rel~J 
[ 11 aet to 10') C.I.IISU Cs to oper:~.te. 

~:::a (p-ou;: 1 rel::.ya) will be. ::;.c.tiv::.ted \-:hich ';]'ill 

l 

• .... 8 :; to oper~te. 
....... - ' 

,, 

i 
'i 

I. •· 



II -lA 

i 
TABLE 9-2 

:. Cll'catts Fur The R'1111ber Pl2378 

·. Slitter Line{· Pl.: rol:.y :J· r:i~ Carry-onr ... ~ .. Line to punch ~~:~pet 
tr:::.ns ~·er rcl::.y 
co:~t::.ct c~t:.ct 

rcl::.y tr;ma-
fer co:..t::.ct 

( Yio. plug-boc.r4) 

• • 
1 !il (li) .Al c1 (li) 1 

~ ~ 

r • 
.a Ll.(rr) c 82 c2 (I

I) • I • i ! 
!rl (:J:) :l ' cs Cs t-> • s 

~ ' 
7 • ~ (!i) -! -:n c, (ll) ' ~ ! -. 
8 

. 
ii! (:%) i .. m c;; (li) 

• s 

r.:.!LE 9-3 

Circuits ?or !C..c ~!umber Hl2378 (-87622) 
(Relays C0 ,C5~, End ::

2 
::.n. new !oetiv;;.ted, c1 to c, noJ'IIIa.l, Cou.pltuc Sritch 

. z.t o.) 

ll:litter Line F.: relL:,· Ili&it Carry-over Line to punch ~ 
(via pl~~&-boar4) ' trar;.::;!er rela.y relay trans-

co::t~c.t cc::lta.:t fer contact 

8 :;;1 (~) .11 ct<Ji) 1 

7 ·~ (.&) sa c2 (X) a 

6 l~ (-'.) CJ c3 (!I) 3 

2 ~~(A) i)7 c, (ll) . ' 
2 ,. ( ·) us cs <~> 5 , ... 

~loto: In tl1e ... bcwe U.ble:: (!:) 11ean:s the relay is in normal ar 
llJiaCthated poliiti~ .mile (A.) au:; it is in the abnol'll'al or 

·~Ctivatecl podtiGD. 
., 

.. 



' .•. 
!'=.'' .. 
:~:!Ill carry relays Cl' Ca and C3 Trill not be activated :~o the c1rcu1ta tab 

-:· cc.apleaents with respect to ten c~odulo ten) in the 
unita &D4 teAS place 

a4 with respect to nine .in the other placaa. 
:.• 

It 111 es&ential that th;, carry over c b •--am rea.. before the hol4tqg 
' 

CID does. It tho holdlil& c:m Yterc to ~reek tirst, t.'len a ltrin& ot C&nJ 
. 

OM' rela.ys \lhich tlay have pick.-d up would bo dropp;~d by the contact Ill 

relay Co a.nd &incc thw carry o'!I'Or relays 17b!ch haw ),licked up aro CODIICt.tc.i 

ill ~a.llol tho loa.cl h;,J'Q wolll.d Eocm burn u.p the. ccDtact Clll. c
0

• iJ.Jicc. 1:bD 

carry :~Vor cwn 'brcr.ks l'irst (at !i,36 :u; ll.i;o:.~t S,4S tor tM. holdiDg em) 

Ua conta.ct on c0 will not bo brc:-.k1nc; cny current. 

Thoro is cnc PL unit in c.::.ch accumula.tcr a.nd there are two aeta 

ai'Pl: -:elays (one set with oacil five digit ;;roup), Thut, to print ten digit 

OJeg&tive nur.~bere the p;: static output must bo COIL'lect&d to both seta ot 

?:: t~bca. Tbia II accaapliahE.d by th& usE. or 1111 adapter \'lhich connect1 

ihl tml Pi. l1nca to the oru; £tatic output, In CUt. of tw.:nty di:;it op;:r~ 

U011 a.n a.da,tc:.r must bo usc.d to COIUlllCt tho tour aots or pi;; tullea to tbo 

?'.: lt:!.tic output ot tho left h:md accumulator. 

The adapt.::rs for the t;.n dit;it opol'llti• arc. 1Ditl:.ll~>d in the 

kcks or thoJ rcsp-.ctivc accUII:ulators. This ad&.pter (see PX..l2-114A) 1• • 

plug an:i two sockets i t!te ulu~ •·oes into the Pi. static socket (all tll8 - .... 
'fil.clev p1111-1n unit) and the tv10 sockets receive the two p:: liDes of 

tbo t::o static cablr.:o. Tho adapters for acre than ton d1o1t op~>ratiGD 
• 

&rg bost ill:lt&.llod 1n. tho pr1nt<:.r (bc;ll1nd front pallCil ilo. 2) (tbo~c tor 

twn digit op;;.ration could be 1nst:Llled h"rc, too). 

be 2 ctu:.l nW!Ib•r= rcgistsrecl ill To aake it ,o:~:o1bls to print t ~ 

) 1 .. ~ ,. ;.round lDg on t~ printer 
certain decadu ( regarc!l&oc:> ot :; 1:;n tb&ore -

: i 

, I 

I 

.,. 

.. " 
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..• lg;G V::lch a.oraalll' Connect to the Bt!ttiC Pi. lead:: ,_ th 
: ,. ·· • ..... o er adapter (a 
I 

· .1~ lfith a jal:lp'-"1' inside • tee PZ-12-1148) llSed he • 
- . . re P'OWI~s the &I' idll ot 

till !.'!: 'b&lles. til.:I.J: .prevents the~~~ rrcu cond~act1~~t; u the glcls are allcrnll 

· tD •noat• the tubes may or ::~ay llOt conduct. S~ach an adaJter QllSt be u:e4, 

tram dr.ca.do: 1n t~ ma:itor prog...,. l• esa.:~ple. '!1l'.e~1o-;~r :tr i;'lting numbers 
I· 

Tho. m;.·; i,aD& :n&nch "ill be described in terms ot ciiap-a n..12-111. 

11:i:l p!l."lch \7ll:l COD!:ti'UCted in the fOllOWill& ~l'l All lllltinichad &t&:ldarll 

~ :!JI:!Oi"ii';{ :::nmch ,,oa:; rer.1oved trcrn the a:::oeubl;r line and certain detaU1, 

siiGll u cu:o:: L'ld coltllilD split relol.y:: .1ere added to mc.l-.:e a pWlch tor llBe 

t• OZIU:Iplo. thoro 1:; a :oot oi' control roadi.•g br~&&bos ILII4 tho CDiltimaolll 

nllcr 111 in tor the rc~:;lll:ll' Get ot read in& .brushes. Thi:: also o:q~la11111 

-t.y th:rc arc :;hunt:; on some: rel11.y contr.cts. The l:ll:.otc:r-dota.ll n1tcla 

locc.ted on t::e tro:lt pt th6 punch sii:lpl;,• a.cts a& 1n on-ott &?.iteh tor the 

1.3.1 The a.-c Circuit 

'i'he a.-c con::.ectiun is norrr.ally plllb,;';ed to the ou.tlet oa. the 

bclttac or panel two or the pr int•n. PO\fOI' 1& flll'ni&hec! to this ou.tlet 

Dilly •:!it:\ the l:::':l •• : is tlli'Oic:\ on. C11t.lcts on all other piUlllll except 

f:.:~l thi'!le or t~e con::ta."lt -~ransrnittOl' h&\"0 !10\o'el' 1111 tbo til•· Tll.llS I 

it it is d,;.s :rc:! to opwratc. tho pu..•ch \-:i thollt tlll'ning OD tho EliL.C llilll ot 

Ue Olltlct:s Of ODO of tho oth"r printor panola !all)' be Ulecl., 

ltarti!lc; tho wo':.or ;;;cnorator 

is turnc.cl on K. J. rcla~·s llo. 2 (lllcl tlo. 3 clo&o 

and clo&in;;; the '0 volt d-e circuit. TIID 

•· 



fltD Upt on ~~~ tront ot tM punch lndlcatel tllat tile motor &eMrator 

IJ orer£.t1ng !Jro~rly, The drin l!lotor 1a :tarted br tbe cloaiq ot caa. 

.gets 011 P.,D, relaJ lio, 1. ':he pick up coil tor th1a releJ 11 la parallel 

with R.!l. 19 111 ;~ickecl up b7 a contact on 110 ••d ·~ot· h -· -. er c~ntact on 110 

.,.rate:r the clute!~. rhus, relay ID 1s the atart~Dt; re1q, 

l.l.Z The StartW Ckc•1S 

There are three card lever cont.a:ta 1 

1) D1e cucl lever contact (ili• -CLC) 

2) l~aa1ne card lever cantact Oia&• CLC) 

3) Bruah card lover contaot (31'. CLC) 

llhlGh activate rela.,.a 1, 3, a.nd 7, Thoso card lover conta.cta cletonilla at 

tho oarcls aro baing t'od 1n proporlJ. Thc;ro 111 a clio cou~ct which detor-

:~s 11' tho pu."lch cllc. i.s 1n pro!JCr position. 11' th.; di .. conte.ct ill opoa, 

acitllcr tlw start lr.cy oa ~o punch, nor the st11..-t1ng clrclllta o1' tbo 

Ilil.iC trill oporo.tc:. tl:..:. pu.-u:h, Tbl; var 1ous card lover contacts arc 11,. 

pusecl by th;: 11 t.u1: keJ on tbe pu."lch, T!lua, it can be u::ed to feocl thD 

cud& into pos1'~10D <t~eD ~"J :&re first pu.t into tbc. IIIApl&lDD, 

11' the ~dne runs out of c•rcls the pu.nGh will ltop. It the 

atartinr;; relay is cloud the prlntar relays will pick up r.llll the pWIGh wiU 

Dplr .. te_ iiile i:lome::~t new cMrcls ue plu.ced in tho ~sine. Tila operCLtar llhDillll 

hold d0\'111 the stop &. .. 7 ·.;hen :fUtti~ nG\7 cards 1n thia C£.Se. O~nbe • 
- . 

tb punch lT.a)' .-.to.rt bot'oro tho cards r.rc tirllll)' ao;.tod and DAJ ·tail to 

fa;~:S thQ fir at cGI'cl. 

To 3t;:.rt tbc: punch, tho EiiiAC ~ompletc:s th~ circuit bfiiA ten~ 
· 1 1 4 3 'cliiGII IIIIo 

llalt one to ol;vcn. 'l'h1a, throu;91 cont~Lcts on rc o.J& liD ' 

., cont;..ct on R23 c~acs R10 to close, Co.'\tCLct& . on RlO cr.u.so R9'• rola)' 

I 
·' 

,, 

•· 
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&'· Jo, 11 r~ncl tho clutch to pick llp, Jlel .. 
~J ~ QDd R.D~ relay lo, 1 ere 

11t1f 11y 110 a:1d by tho continuouly r1m11t .. - em (" .. ) 
-'\I ...... cam • JlolaJlG ia 

t1ll'll 11 hold by c11111 PS. 'i'n11111 ~lbo;1 tho stut~ rolaJ Sa cloaoll ill ~ 

Jl'il:ter 1 relays S and 10 pic!: ll" an-i holll until t!ill oDd r .... 
• o -• card~ 

ill& cycle. At tha.t tine t~oy drop ;)Ut as does :t.D. to. 1. 'l'ho cllltcla 

ilrG}IS o11t when relay 10 dr~s 11M tho drivo motor cout. to a atop, 

r.oto that tho OJ?~rator 1:1ust UD& tbo 1nit1al Gtart awit::b to rooa 

cullli into pot:ition ~Yhcn otartin;;, Diner. with oar4:1 onlJi.n the IUiill.d.Del 

tlle Z:ii:U:: :ota.rting cSrcllita ".lill not op~a"oo1 

;. card stacl~cr nitch opc.ns tilt. starti!i& cirCilit wiwL t 110 ~ 

,,ll'dl ;.rc 1n the. st£.c!:c.r. :'fhc.n the c:arl& ~.:: r;;iJovc:d tilt; mr.cbw will . 

cllit!nllc to op:;r~t;. in the pro;;-.r ~cr. 

Tho pick-up coUs of tho colu:J., split re~ are locate~ at 5C 

111 PI-12-112. These rola:•s a:'o ar::tivatod by em ?2 ~llrin6 tbo tiWII that 

th. 11 ... ,c. 12 :Jo&itio;u; ot the card :a.:~ ;x:a:::L"'It; llll:l.or the p11:1ches (actllllliJI 

free 13,5 until 11. 6), T1-.c rc layc act .a& a dztc~~polo 1 ll011blo-tllr1W 

hitch (a~oo tho;. contact:; 11t 7 a."ld a "' and :J) lio!ld ciiJlllCct tho puDCbu 

(Y11L :?111&-bo~.rd connoctioDS) to tho r.intl:i indication terminals (at ID) 

d.iirill; the 11 and 12 ;positions of tho card 6114 to ~0 COCipUtor roslllt 

nit ter.~ina.ls (8D) llurinu the rec;t or the ca d CJ«:lo. 'lhiS wos it 

pos; lblo to FllhCh a P~ inC:icat ion an.i a C.i:;it of • DIIOlbOI' 1D the •-

colun1 
,, 

9,S,6 T~e Punch !.:&meta 

Tho circl\1tc; to tho ~unch majiDIIt; i:; CO'..ipletc.d 'bf ccnta.cta CID 

.... ircllit tnro119l tbl; rclr.y;; U to 16, 'l'hoso relays aro activat.::d .-y a c . 



: Jll$t_er-duta11 s-:titc.'l ("!rit..'l Rit::h lett in$ Oil •aaater•), a noraallJ olole4 

cataet on Rl,, and c~~::~ Pl2 (r:&;e~ z.t 1•.3 .a. •r•w at 9,s), 

t,J,S 'l'!le _ D.! itt!£ 

!» ..:1-i;-;;er f:i ~~~eo! at' lCJC. It turns 1n I)'DChronaa a1 th..l 

· c;:zt puae.s wU;.er t;a 'wu:.h ~pta, th..t 11, t:le eo1tter COJIDi:Ctr; to 

1111 3, for eu.~ple, -. .rh- po&1ti011. three 11 under the pum:hlla, It tJio 

clrellit is corrplcted frcx:. ~Eitter l111e three back to the puncb ~ts 

tllell thrc ~ will be. pUDChc4. 

9,3.6 ~ Plu;--boarll _ 

Instruct ions for plu.;-!loarcl COIIOlOC:tiou appcu on r..., ::..J(IS, 

: iho oi,;hty-dij;it output:; ILi'pce.r on e 1bhty !l11b1 on the pla;-bov4. The 

' li~t)' p11DC.'I. ::llt.gillltS &Pj16&r 061 ei.ohtf other h11b11. riwll 0 1Dfan:.at11111 
' 

cat be rc.arr ang"'cl on tl~s. car:i iD IIDJ :iesirccl ~anner • 

.. 

I 

i l 
f 
I 
I 

.. 
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The master programer occupies two panels. The t..o p--la ._ 

P'act.ically identical in function L"ld in appt~ann_ce. The B1.cldt cllagra. 

l-1 

fr8-JQI. refers to t.be lett lramt panel; lloaenr, b7 changing IICIIIII of tbe 

tllllinoloa, it. can refer ecpml ly well to the right hand panel. 'ftma, 1D t.be 

[Oll.-ing cti sc:nssion anl,y the lett band panel will be Considered. ID it. lett 

laDd panel the decades are numbered tram ll to 20 (reading frQa right to lett. 

u in an acCIII:Iubtor) and the steppers r.re nmed A, B, c, D, IIDd i. (tram bft. 

t• right.). In the right. hand panel the decades ere numbered rraa 1 to lD 

mil the steppers ~e named P, G, H, J, IIDd 1. 

10,1, D!TROWCTIOB. 

The !.laster Progr::.cmer contains onl7 progrlilll circuits, there be1Dc 

DD 111111erical or cOI'Don progrl:l!"oming circuits. The progr!lll circuits 11i.U be 

~Yided into two t,7PCs, nPnelT, stepper circuits and decade counter circ:u1h or 

iletlde units. The dec't.de counter circuits :.re represented OD PI-8-.301. b7 the --
tm rectrngles "!long the top ot the drawint:. .The five steppers are rcpr~sented 

l;y the r~:ctanglcs along the bot ta~~. Tht. decade count;.;r circuits are di:rided 

int.o groups, each group being associated with :1 stepp.::r. To give fiesibillt7 
• 

• d ad • rcuit frail one lhc~d~ associ01tor swi~ch<ls :1rc provid<Jd which chango: 11 ... c e C1 

&nNp to another. 

ID.2, DECADE r.C'li11'ER CIRClll'l'S. . . . . .. 

10.2.1. Dec;.cil! .!:!!!&• 
rogr..ra~~r are teo 

The decade rings used in the master p 

,, 
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ring counters locat~ OD p-lug-in units. Tha cleer innrtw (tube l) 

locat~;d on the same plug-in unit. The pube standa-l'dizer llld the 

circuits associated with the r1ft8 are on a separate. plug .. in unit. 
111 

tot .:!l.Ch p:tir Of decades the pulse 3tandardizere (21-23 and 25~ Ill& 

circUits (2.4, 28-31) are OD one ='lug-in unit. 

Provision is m!lde for 11131dng atat.ie eabit:: conneetiona to 8111' decide 

ot the l!lr<ster progranmer. This would enable the oper?.tOf, tor aanple, 

regist.:r :m independent Ytri~ble in Certain dec~\es of the J!l'<ster pi'Ogl':lllllel' 

to print it whenCYer desired. 

'!'hto nonn"lll:y positiv<l outputs of the stages of the decadto riDe go to 

. rtsptctiv;;; positions on the six decade switeho:s. The COIIIIIOII ccmneetiaa ot 

s•itch eonnects to the grid or the inverter tube B U-43 tor cleeade ll). 

tber~ is er. coincidence between the setting or aey decade switch !1111! the 

of th.: decndo ring the corresponding inverter will be tumed ott. 

ill th.: switches ~a illustr!,ted '\S setting :t 11711 aJ.l the mertens 

b~ tun.:.r .Jff it the doc !lde ring was st eppcd to ste.ge So~Veno 

& E!"I'Y circui_l. "Nht:no:Ncr a dec::de is st~-ppcd to stage •nine• 
st::.tic output causes g~te 28 to open. If ::nother pulse is fed iDto the 

st.a'ld<.rdizt:r the ring will step to zero :md 9. pulse •ill pass gate :2B 

r=t.e 24 tor even numb<Jr~d dec! des); go through ·the invater and butter J> 

thence to ::n :.s:-ociation switch or, in s0111e cues, d1rect17 to the input ot 

Jllllse shnd!ll'dizor tor the next decade to the lett. 

r thr Pl•u•-in units 111111., The crll'ry circuit is sprer.d over p:.rts o. ee ~ · 

Constant. Actu'llly, the rise tiDe tor necessarily h~s o:. very po~ tiJIIe 

., 

,. -
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11 cUeuit comprised of· stage nine of the ring and .,ate 28 · · . .. Gill a s~parate 

,lVC-111 unit (tour times the t1.":Je constant) - approxiJna.tel.T the time for the 

dpl):to reach 9?,. of its ca:dmum &llplitude iB on the order of one-halt Ul 

'tion time. Thus, any sequence of digit pulses which waulcl p!'O'.iuce a 

~r ~annot be fed intO the decades of a master programer cluri.ng UI,J 

ill addition time. There are other situations (see the cH.sc:ussion of clear 

drcllits below) where digit pulses cannot · be fed into these decades. 

The clear circuits. This ring is cleared by a CPP passing gate .844, 

rar exa::~ple, and turning off the clear inverter (tube l) Oil the decade plug-

UIIit). This clear circuit is operated either by the initial clear gate 

r.l.ving at the buffer B4S, say, or by the operation of one ot the coincidence 

,tea (B, c, 48-50) in the st~ppt:lr circuits (E). G•merall7, ODe of these 

coincidence gates· will conduct Y<ben there is a coincidence between the positillll 

It the lttf.pper ring, the settings of a .n=ber of decade switches 11111:1 the position 

lthe corrosponding decade ringe. 

Since the clearillg is acc!nplished by a CPP passilll; gate Bl.4 (in 

tende ll) the d<:ca.dc car.not bt. stepped by any number of digit pulses (arri'ring 

Mr the direct in;:;,ut ll.di} •!deb 111ill step it p&St a coincidence position. 

·IIIia restriction is not tec~se of the time constants. Act.u~, for the 

: tlnring to take place the ri."'g must CO.':le to ( a..'ld stay on) the coincidence 

position (that is, the position corresponding to one of tho deude awitch set­

tings) so tint g'ltc 6) is .set up at pulse time 17; and pulse tiDe 17 is rDIIIIl 

.. t.~~:e (at lc:J.st seven pulse tir.lcs) after the ·le.st digit pulse errived. Iri fact. 

i 
I 



pulses shoal.d ~ '- ue to l'tep this ... -- t i 
•.w'6 ° a co ncidcnce position. 

rise time of this clearing circuit, (as well as tb _. e D~eppu clear circuits) 

Ill tiK; arder of one-halt an addition time (10 pulse t•-- ) T'-·- · 
· .u:u:S 0 ,....,, the circuit 

be apccted to operste satisfactoril,y oft17 when stopped to the coincidenee 

pit1on with a progr:!.lll pulse (CPP). Note that the time constant of theee 

ji'CIIlt.l vary considerably depending- upon the poaitions of the associ.atioa • 

idtchee and the ateppcn- considered. 

llote~ th:·t there is no provision for deb,8d C&rJ7-over (ae in 811 

ccurnllla·tor). This Jaeans that two a.ssocbted dece..des ce:nnot be stepp.;d silal­

IDI!OIIlslyin a I!II:!.Mer which produces a carr7-over. 

THE STEP!'FJt CIRCUITS. 

The !tepoer rin~. The stappar cont~.ins a six atnge ring located em 

plug-in unit. On the sal!le plug-in unit is a pulse stt:ndarclizer and a set of 

lilnrter tubes connected to the DUt~uts of the ring. AU of th<:aa circu1ts use 

tub;;s numbered fror.& 21 to 32. The set of outputs of the ring 11hicb go 

th.: inverters go to two sets of six getes each, B t.nd C 48 to 50 and 

&"t"s m:nbcrcd 61, 65, :>nd 69. The~ other DUtpllt.s of the str.ges of the 

go to th.: r..Jspectiv£: positions on the stt.'Pper clecr switch. The CCD:IOil 

El'l:!i:n:·l of this switch goes to gll.t<l B47o .l'lhen 847 is open '!ln:f pulse IJI"riVing 

th~ inverter 61 and butft~r 62 will clear the stepper br.ck to stage one. 

stepper will clear to at'•8"' one in tho following cases: 

a) l'lhcn the initial clear g'.l.te 1s applied, g~te C47 opens letting 

P'lilum c. CPPl whiall t\U'Jlll the inv.:rtc~r C46 off cleoring the ring. 

. ct i --+ ( cdi) turna ttw b) a pulse a.rriving over the clear dire nt'- . . 

J '· 
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.· lltllll' 1146 on &lid th·o lmerter C46 ott • 

c) It the stepper is set at. · stage tin an4 the stepper clev 

,ntdl is at five (o.s 1ll.ust.n.tect) tile pte Br.T will be op 1 _,, 
en. ...-• pe.ssed 

"pte 6) or from the buffer 61 on the stepper direct input (di} wUl turn ths 

iJ!Ierter 61 ott r.nd the bo.d'ter 62 on. Th1s wl.U cause the 1merter B46 to 
10 

111r caasinlr the pte tubtt BI.T to conduct. This in tlll'D causes tho clear 1merter 

r.t.6 to go ott and clear the riDe• 

.!!!!!. stepper cie!U' circuit. The stepper clear circuits wUl DOt 

. fllll'&te in one pulse time (the rise ti.oe tor this clear circuit is about cme 

Jilt 111 eddition time) •• This muna thRt the: lt..::pper ring csn be stepped wl.tb 

digit pulses onl;r it tbe ring is not stcp!Jed onto the coincidence podtiaa 

: (tllat is, onto the stage corresponding to the setting ot the stepper clear 

·. llltcll). 

•. !!!. stepper direct input.. ·A direct input (through butter 61) is 

Jmided to step tlie stepper rir.g. In this case 'the 6ssochted dlcedl unlts 

~ rlllg is not stepped and no output progr~ pulse is obtained. Jlote (abcln) 

:' tbe restrictions on tbe kinds ot pulses supplied to this input. 

!!!! stepper input. The nip-flop (66,67) snd the e.ssoeiated sate 69 

.'bu a tmc eonst:mt approxblatel;r equal to th!!.t ~t the slow butter output ot a 

. d 
• trwseeiver. Th1s means that this input (Es_ for cxaG~Ple) must. neYer be pulse 

·later thl!ll pulse tir.ae tour. That is, it can be pulsed by a CPP, 9P, lP, ZP, ar 
'· 
'2'P; but nllt b7 4P, l'P, or gt:ner:-.U;r b)' aJ17 digit .output ot an acC11!111l&tor. 

Jlote that it Es_ arid Ecdi, tor uacple, &re pulsed dmultaDGOIIIlTr the 

·l!.epper will cle31' first and the output pulse will be frCIIII1°" 



' 

.r-• 
r.JJ, !he prov~ tr~scd.ttera. 

In~ lower right h;.nd corn~r or the rcct~ (PI-8-301.) cont~WWtc 

. tbe stepper ciradt.a tllere lln 3iZ' gates end. six standard trUISidtters, ODe of 

~ ro-tes w11l lie apen depcndiDg upon the posltioa or the stepper ring •. AD, 

· Jlllses uri ring trac t.he butter 70 will be transmitted througb oae at tbese 

III!JIDds, In tbe 1 llust.r•.tion the stepper is setting at stage aae 110 IU\1 pulaes 

i rrz '10 will be trans!dtted through the lert hand gate 61 aad 1dll ilflllll&l" 011 

. as wtput tcr.:dn:!l. ~o. Note that a lead caaes troa the ~~aster progr-.. 

clelr (!!PC) t~ all. these ge.te tubes, Inspection of the cross section Pl-8-1.02 

·Ibis t~t this le:ld goes to the screens or these gat.: tubes (6Sl7•s), itbenner 

, tbe iDitid cl-=.ar is activated 2. relay located iD the initb.ting IIDit changes 

tbes;; screen volt'!ges from •150 to 0 volts, This blocks these gates, tbat 

il, even it a sign:.1 !UTins on both control grids the tube wUlllllt. ronctuct.. 

b ap1·in.ed in eectiCD 2.1.2. the effect of the initial clear 1a to clear 

·· -=s back to their first. stages lll1d le.~ tile- Jll'OSI'e.lll c:1rcu1ts nm oat tlldr 

"·-.IIICes. E;v progrm jul:lpers various progr!ll:l controls iD the aacMne IIIAJ' be 

. CZJeeted in a scquell&:e t.!-w will take several hundred addition U.s to rwa 

.:... !hfose sequences f!:!'-7 be tied togcther by the p.ster progrcoiZ1el' so t•J' 

:111114 tike a 'l"ll"J' long tiae to run tt~t;mselves out or even repeat 1Ddef1nit~. 
;·Ia preorer;t. this t71Dc together and, thus: make the time tor iDltial clearinc 
' · are bl.DCked iD tbia 
.reu~tq short tb;: output gates in the mroster programmer 

~ -·'t' cient (illcliiM"I a ';.~~~m;;r. 1 oeri.od of about. one halt second will be ~ 1 ' . 
t ther units of the DJIAC 
;;lllet7 fact.or) for U7 possibla sequence set up in thl= 0

. 

~ oxiiJio.tt:]7 OD8 balt 
f ~ 1'1111 .;;ut therefore: the initial clear lasts tor rappr 
I ' • 

" 

j ,. 



!!!!!. program receb1118 cireuit. 

The input program wUl ord1n111'117 CQ!Ie 111 b7 the tl!ltlliMJ. El "''"DC 

llllf'ter 65 to go on setting the tlip-tlop 66 end 67 • !he out.put. U. 

! positive swing opening gate 69. The next. Cft1 u paa.ct ft8l!tthrg 

flip-fiop and turning ott the inverter 68. Tbia aaues the catbode 

'10 to go on giving a positive pulse to the grids of the gates 

65, and 1/J. Thia also t.urns the blltfer A43 CID Bivilll a neg;-.tbe pu1ae 

tile pabe st.::ndardber of decade U. 

As described above, 10.3.2, one ot the six gates (61, 65, 69) b OiiC 

lllpi!lldillg upon the position of the stepper. Thus, for eveJ7 plllae put illt.o E1 

palae is sent into dec:lde 11 and a pulse ccaes out of 0111e of the t~ 

a to E6o. one additioa tiDe later. 

Plll.ses ted into Ed1 cause the stepper to stap, and pW.aes fed 1Dto 

ccuae the decade to sttop.. Neither of these cause· 111,J pul8es to be &lWD 

at the outpute ~o to E6o• 

.).4. !!!! coincidence gates. The coincidence g:.tes are tM tubes B and C 

to 50 f:~r stepper E. 11hr.never 1'.ZI7 one or these g..-t.s a signal OD botb srida 

. e iDYt:rter 64 goes oft 3l1d the ga.te 6) is opened. Thll passes tbe Ddt 

to th.: invGrter 61 and the butter 62. The output of 62 pes to. tJle 

~ lhnd!U"dizer 21, 22, and 23. napping tht: ring and it wo tiii'DI tbe 

~er 1!46 off. U the. gate 1!47 is open tho11 clear lip::l fr'llll C46 

~tlelJ overrides the stepping signr.l. !rOJ:l the puUf: .tandal"CCizer aud the rial 

~~ bc.ck to stage one. Also, .a pulse on the clear direct. input (ldi, lllt6a 
i.. · 3.Cti ted will .afel7 ( tbat. 
~~a CPP passed b7 gr.te C47 (when initial clear 18 va • 

~ •itb E.dequate a11.1'et7 tact or) gyerride aD7 stepping signal. 

t 
I ! •. 
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'1'be Clllt.put of tbe st.epp1nc gates abo goes to the clear elrcaits 111 

• deCide counter ~··stnc U. decade to clear back to sero. Aga1Jl; this ~ 

;p1 ~des 1117 st"lJJP'nc "'&M'· 
stepper E. ld.Ua the decade associator nitc:h tor decade 12 .sr..tirw 

8 illutJ':>ted• hc.s cmq :me decade ass:x:iated with it. Ccmsider lt.eppar D. 

llliJ stepper lias deeades l2 aad 13 associated with it. Look:1ag at stapq 

1pte U.S it is seeo t.bat. _. ;,! t.he grids comects to boUl tbe izmlrtea· llU 

tlllt.braugh the D..E •s~ator Sld.tch• to the inverter CU. It either iaurter 

ill cOIIdUcting the grid aa F.IIJ ..ul. be sutficieatq negatbe to prn;;nt it J:rca 

,dieting. This constitutes & aultiple coincidence arrqement. !bat is, 1a 

· ldlr for E48 to conc'nct. tiJree l.nftl'ters cuat go ott. n•eq. cu. DU, IUIIl 

'J! 111 the stepper riDe llllit.. Consider stepper c. U tift decades uoe 118ocl• 

' lied wl.th stepper C Uaea :lD order !DI' the steppirag gate G48 to COIIdllct tbs 

ilnrt.er in the stepper r1l!c aait IIIISt go orr aloag with tbe tift !Dnrten Sa 

lk respectbe decade wdh. 

steppers & aad r flliq be used wltbollt Air/ associated decadN. 

h the A-B associaticm llllit.cb (or the P-G) sets at · B tbe screens o! t• 

edncidence gates (L. &. ~) are switches tr011 •150 to 0 -wolts. '1'b1l 

JftHDt• 11111 of these gates fi'OII conducting and• thus• gate 6) unr condliets. 

IIIla means that the .tepper r111,g can be stepped zl;r b7 pubes int.rodllcecl rww 

1k direct input. 'l'be ~ clear direct input fullctiolll as before. AAI 

Jllle1 arriving over the r:r4m.input will be trausitted oft!' ODII of tbl a!s 

lltpats dependillg Up.>D tbe positiaa o£ the stepper rinl• 
t 1n tbe dine .,...,.. 

An7 of the otJK:r steppers ~7 be Dade to opera e 
. hat the ~ diffarlllle 

V rco.-"..ng the gate 6) ill tbe plug-1D uait. Note, t 
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lla till operation of these other steppers {as CCI!pared to 1 :II' I) h tb&t. 

· _.taill decades will count. the pulaea cll'llng ln on .... _. 1 wa ... epper progra 1Dpgt. 

lbele deCades wlU clear at positions depending Upon the ett'--l • """6• of tbe decacle 

: lli\CIIel but there will be no corresponding change ln tbe stepper IIL'II"•· l lis cleuinc ~ould be prnented md, thus, t~ total lllll!lber ot Jll"ocr.a 1-lllsu 

CJI!ted bJ' ra:~ori.ng the coincidence gates (D, r, 48-50, tar .....,e) 1Datllld 

rlp 63. 

All the decade units are exactl.7 alike, IDd the stepper ualts ~ 

differ with respect to the mDber of decades that caD be associated witb esela 

211, Pl-8-301. shows that decade 12 can be ass:~ciated wit~ eltbeJ' 1tepper D 

:r !, Decade 14 can be. associated with either C or D, ·decade 18 witb 

dk B ·or C, and decade 20 with either A or B. 1lhea deaalle 20 \8 

lmei!ted with stepper B then stepper A has no associated decade (lee iPe) 

The decade associator switch is a nine pole dauble t~ lfttcb. 'ftle 

Iii poles on the lett handle the outputs or the inverters assaclat~ wltb tba 

decade lwitchc11. The seventh pole takes care of the clear clrca1t, tbe e1glltb 

1M iDput to the next decade on the lett, and the ninth the iriJIG at tbe decr.dl 

to 1M: assccia.ted. In the. case of decade 20, 11lnce there ~· aa decade to tt. . 

left, the eighth pole takes care of the input to decade 20, llld tbe a1Dtb J!Ol-

11 used t., change the screen bi;!.s of the culncidence ~··· 

C:;nsider the auociator switch tor decade 12. As il)llat.J'ated this 

decade is ass.,ciated with stepper D. The following table il.].ustntu wbat. 

bPfle111 tor the two positions of the aasociatnr switch tor decade l2: 

·' 
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TABLE 10- 1 

Associated with D I .lesociated With E 

. F'"" or,,. Go to stepping gates E Go to stepping gatea 
vert.era C4l to and D l.B to 50. . B llld C 411 to 50, 

Decade clear Goes to the output ot Goea to the output ot 
~t (to C45) the stepping gates E the stepping gatu B 

and D l.B to 50. and c 411 to 50. 

~nput to decade Goes to the carey OYer Goes to the butter .u4 
ll circuit ot decade 12. ot stepper D. 

I 
~nput to decade Goes to the buffer Goes to the carJ'1 Clftl' 

12 AJ.4 ot stepper D. circuit ot decade 11. 

Thus, when decade 12 is associated wlth stepper E, decade 11 ute 

II a units decade and 12 as a tens decade in COUDting the llllllber ot pracna 

Jllllns coming in at the tenllinal Ei. Therefore, the two decades can cOUDt u 

BlliJ as 99 pulsee caming in at Ei. When decade 12 is usociated with stepper 

decade 11 acts as a units decade in counting the nlllllber ot pulles cOllin& 1D 

at E:i. and cannot count more than 9 pulses. lD this case decade 12 acts u 

a llllits decade in counting the nlll!lber ot put.es coming in at D1. · 

Consider stepper c. It both decades 14 and lB are usociated 

With lt.epper C then the five decades ( 14 to lB ) can count as Ull1 u 

99, 999 pulses arrivinc at teJ'IIinal c1• 



I 
I 
I 

D. TLE l'Jt..li~ •. ISSICrl SYSTEJ.: Aim SPECli.L DEVICES 

Th1a chapter CG:ltains a description ot the lll•lt __ _. 
D _..prop-.. 

trlllks !lhlch carr7 the pulses representlnc 4%it1 or Pr0£.1'U llpall 

trD!! oll8 ~~nit to L<tother. i.llo ft!'iou• special de•ice• luch aa lhiftars, 

lleleters, adapters • at&Ltla calllea, aDd. roo •• .._ Ailc:rDot !II -

cbapt.er. 

It is Deceuary to tran&rdt !'ulsea representing di:;itl ar pro-

11 .. signals troa ODO wdt of tho El::i:.:.C to a.nothor. Pu.rth:.nore, tills 

1111t be done m liD entirely dltt .. ront Cllll.llllr tor each Jl(;W prob1e~~~ that 11 

pat OD the EllL .. :. Thus. th;; intcrcon.~ctlon systoms lllllt bo 9017 nczt))e 

!'or this purpose traJS and j11111pers ere used. 

11,1,1 TraJ! 

if.. tra;r ia essentially an eleven wire trelll>misdon 11118, cap~ble 

at beli'lfi cormech~ to other tray: and to tha lliglt tol'lll1nals Lilli prog• 

torcln&l:; ot tll;o •artous units. 

Each tray 1:: ei&ht teet lon;;. nine lnchol wlile, IIIII 111111 • 

qw:rt~r inr.he& deep, Al!d open at the bottom. It contailll c;1cnn wlru 

se;:Oil';lt .. d. troa ca.c:h other by ~~~t;tal shiolds, The tro.ys ue pl;u:oll • tDp 

ot o:u; olllotht;r so th;;.t thay will ACtually be shloldcd OD r.ll sldcl, kch 

tr:.y 1s cqu1p:r"o.:! vith outlets on 

ether trays b7 ::.eaDS ot jur.1pers. 

c.~ch eull so that it !lAY be c-ectell to 

It also hu o~&tlets nary two teet et 

D4 d1&1t t£1'1111D&ll 
ita lenb-th so that it nay be connected to the progrlll!l a 

ot the .ftrious units ot tho :::;:I ... C. Thcso outletG are ot two ki.Dclla 

I 

\ 
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A didt tray, - BhCIIID ln dra\finj; n. '-B hu • 
• Alii' each outlet. 

1 tnlft-!=lllltact plug ( ~leftn wires md ~OIID4), 

.;. prosr11111 tra:v, - shcr.m 1n P.I..&-101 bas far __ ._ 
• .._ llllt"I.t a a.t 

or eleven two-temlnal plugs (one wire and :;round.). at each ead ot the 

;:rasrm tray 1:; a tnlYO coatact plug to facilitate lts CCIIIIIIIction 'bJ a 

~pr:r to another !li'Dgam. t~~:y. 

Those tray:: 11.1'0 st&cktocl OD tho front of the Yill'iOIIIi mits of 

ttc ::i!L.C, s01:1o a.bovc and scao below the prcu:~~~~ control panels. Gcncrall.,, 

;x ;r:-o;:rOJZ: tro.ys will ho pl.:.ccd. below the control p::ncb MD4 tllc 41:;1t 

tro.y.; '!fill be pla.ccd. c.'bovc, Thcro h roca tor :~.bout t.~lw. ti'I:JII to 

tit o.'bov: ::.nd twelw: b:;lorr the control :?an-.1 ot 10 llllit, dth:JU6b a 

::u:!l sc::.ller nw:;'b.,r ,7111 or:Hnu-ily be S16Uici11Dt, 

!1.1.2 Jwapon 

Cables cr j~:~~pers are used. to con.'lect tile" traJI tc the 41&it 

~r:!inals and pro&r= "terminals. There are two kbd:; ot j1111~ 0... 

a P'~uac j'.r.p:Jr, C:l:J:;ists of a sing;le :Tire and gr~d and Ia uod to 
tray · 

c::x::t a socket oa .a. prup-1111 to a :prllp-ac socket an 011o of tbc 1111its • . , 
!!::: other, a d1b1t jumper, h:i.s cloven ;Tires a;id a p-olllld an4 1s u~d to 

c:::u..:ct :m ~utlct en a digit tro.y t? a digit t.:.rmiD.U ot a 11111t. l'hil 

:Wt typo -.:t jllEI~r is o;.lsc used to cc-nncct tray.; to:;othcr, 

U.1.3 Trunks ~d Uncp_ 

A single: ;;irs ..n:i srcu.-ad, rWUlL"lg tllr.:ug!l &enral F~V= trap, 

j~.r:: -.:r pr' .;r= c;:;.bl<.s ..nd thwo cunil6Ct1Dg a nl!i.l:U" o4 prc.,;i.IA tU'I!IS.. 

, ~· t -r LleYCA wir•G ... .... .. lliill 
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.One set ot digit tn.,a (9) ue CODr.ecte4 tobetber to fan tbe 

qt:lia,; ~mlt trlmk. 'l'h1s carries the vo.rious lllllaoa .. .. . u.. &a:•H IWadiiCell 

'7 the cycl~g UDit o.ro1111d to the w.rious units or tlle Ell ..... 
........ lim trep 

ll'l 111i'fic~ezrt here dDCo tho} prilllter doe~ DGt t:Cilllect to tlala ti'IIU. 

S11 ~9-307. 

r:~~iltor caanoct ... d to lt. 'l'b.c:s:: rcslrtor& e.rc u::omll1::4 illllazr.a, (1" 

~'-103) md ODC box is to be ,1u~"d illto liD crthaniae mu1ad outl.t 

at the end or ODD ot "the eo.i tray& of each aet ccmnecte4 to:;etller 1IJ 

japera. Aa ax!'la.inad ill Section 1,2.8, this J:lllkos it po<lible to llaw 

tho nexi~ility ot bein& o:bl~:;. to connc.ct VllrJin& nlli3b.r& of !1&1t ml 

)I'O:;r'lill t.;rmindr; to tho trllllb :;ad pro.;r011 l1D111, 

11.1.5 J.oal Unitp 

The pul::ali t.nd ~ter; tra;llimitted over the tn.J1: must haw rile 

time: better th:m J/2 Bicroweconds. ti1is ~at:: an upper lblt to tJal 

ftlue of th6 timo-coru:tant, RC, '~here R 1.£ the cquinlont; rosutuce .t . 

tllo tra..-::::.itt.:;r, L"lll c is th.;. ca-.pacity of the tray.: and int,;.rc~E~D~~ctor 

.e&bhs. T:~:: ve.luc; ot R ha:; bc;~n l:l&lle lll\1 b)' U:bf; two trio415 (patoilCI 

ton.-:ect~d a.s tr1o4c&) 1n parallel, with tbe loo.d ill the ~tholl~ clroait. 

!o lner it further ~10Uld require non tube:; and apprac1alll)' •ar• power. 

d co;mect ill& cardS IO 
It u therefore asccss-r1 to do::lsn ~ tray:; an 

t . s ooo cicrGAicr• 
th..t the cax:il:lwa c to 'bo dri'nll is nov;r lart;wr lWI • 

·t b· ~pt to a G~D&ll 
f~ra.~;;. Ca.pw: itia:. trO!D Ollli U . .nc to anothor mu~ " 

1:l cro·. to.lk orrocts. 
lr&.ction of tho. capa.clty to :;round, ill or~.;r to avo ·-

l 



fhD tloxlblo Ghlcl4c4 cable whlch ls 
IIVii.ll&blo f~ UIO Ia 

::ok~ t.ntcrcon.,octlon Cc.'blc.s hc.s a capacity ot a'bllllt 30 micrcalcrotv.a. 

p.r to~. U ca.ch c r..blc ls throe tcot long, Clll4 30 :~uch cable::; arc. 
11104 

• 1 r;lvcn tru."'k lino. the co:.pacity th~~:~ :t.dd:;d na.y be ot the Ol'dl:r ot 

3500 mtd. ThlG loa.v-.:; no ~:~ore th~ 1500 llllilf'cl, c::.pa.cit1 tor Uc trop 

;,111 their :;hort interconnection cc.blcs or Jwapcr.. U c1fibt tr~ GI'C 

l!rA, ~ tr:t.J ::.n4 its juap;..r rau3t h:t.vc c. ca.:pc.c1tylosa t~ 200 IKIN. 

SliiCe lUI ei~t toot length of shielded cable noulcl have more tbell tllb, 

it is not po:;sible to u:;e this tor rllllll1ng digit tl'llllkl 11114 proP'• 

llor. the length of the l::!~! . .C, Special coaxial linea would DOt aalJ 

lie expen:live. but would exces~hely cor.~pl1cate tl111 job ot CO!IIlOetillg Sa 

the sockets \Thlch ue to occur ovary two toet. 

The tray dec ii>Jl lYhlch ~:; btaen a:iopted 1:; aearl)' equ.iftlllllt 

to a :ou:lal line with Cgnven1ent oponiJI&a ov .. ry two teot, Tho aili .. lcl,. 

q 1a aot porf.:.ct. ~ut cros&-ta.ll: 11 rc.:l.uccd to leas thllll fiv;; p;r OQit 

far :o:~n tho worst combillation ot condition&. i'ho D&Xil:llllll croa&-talll: 

U.a mcLUltE to a two-volt pul&c 0 ·;·;hich can ha.-. no of.t'ect siliCa it 1a 

&~U>d to the :;rids c.t' input tubu b1tosc4 at -aD volts. with cut-ott 

It -8 "f"Oltso 

Cleuly. tllere ca.,not be too caDY jLm:>er:: cmmeeted to a 

pilticule.r digit trunk or proe;raa line or eln the capacity giwa &:-Oft 

walllcl '!le axceeded, To a:;;;l::t the operator in det,rainiJI& thl cazSlMI 

5d'e lo!tr:l.inr; thO tollv.rin~~ terll 1:; 1ntro4~acad. 

~load unit 1:: a capacit)' ot 160 micrCiillcrotaracll. 

follo::ing do::vlces. will c.ach. be callocl one load uit: 
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It the cable la lllll• tbr ., . ee ' 

tO't Jcnq;, at rill account tor about 90 illl!ltd '1'he 'b-~ 
" OUIUICO ll &}lowell 

trr t!:,e portion of the Circuits wilich will 'be 1nt.er~~al ..., .... _ 
- - JIUtlcalv 

p111l to tllalala tbe ·cable 11 ccmnecte4. 

(2) J. tray and its short iumper tor eonneotl!lli to tho •zt 

traJ• · Tho trr.y accounts tor about 120 1111111'4. IJl4 the 'baluco oullr 

ICGOUDts.tor t:~o jm:apor. 

rho atiiJI.dard trcmsaltt;~rc usoll DD tb;; roplv }lrOf;l'ilt llli 

4l&it outputs (not cortain mult,lpller IUid 4iv14111' GL.-tp~at.) en desipell 

. to tran&it into a line contair.lnf; not more tha:r eo load llllltl. Actll!llJ 

pro;;e trr-.MmHters can transmit into as m!D)' as laO load IIDlta ·ortth tbe 

ual lal a.J·>ty raotor~ 

u.z DEu:rms 
A deleter is usuc.lly u.se;l to cieleta non-slptltlceD't t~&Vaa0 

iK 1& therefore :.~sad ora the add or subtract output lll;;it te1111Mla. 

Vu-ious types or deleters IIJI.d the connect 1DDS &ada 1li euh are Ulustr&tecl 

oa 4ro.win~ P~4-l09, . i. deletcr ~:~.rely opon-circ .. tts the li.DIIs correll­

pond1~~& to un~ftUlted dir;i ts, llote that whon a deletc.r is .-all aa tile 

olltput or an aCCWIIulator the· s io-iticant tit;ure •witch s!loulll 'be ut~-

to the nl:::lb..;r ot tl:;ures DOt deleted. ID thla caso, tlla '~act 

plllso 1o'"ill be. so:tt 011t OVt.r the HllCi lK\ longing to th~ •J.otif'lcant fio"'lll'll 

tvt!:cst to th;; right, n.:.xt to tho:: d~lotocl 4i&1ts. i'hu, tlla s~a'lltrac\ 

PQlac: la not dc.lctccl, 

. I 
i 
! 



.. UIIIP1• or • +2 and • -2 ahlttcr are "1\·en Oil l'Z..4-10U, 

4. • ll'hltter. J. • ahU"ter culttplies by posltln ...... 
1 ~"e :;ra Jlllll8ra 

~ tlllo lJl the case ot • +! &hitter (P~4-10U) any pullea arri~ D"iW 

~ ults CIKMo1 (terainal 1 or ·:;he socket •s•) &0"1 to tenW!al 1 

(~reds) ot the p11l& (P). Tl1c r-1116 is inserted 1D ~0 1np~at 41;tt 

~iKl ot tho &CCUI:lll1AtOI'o ;:ot.:l that termillll.b Sl an2 10 or tbll locbt 

are not cODr:Gcted &.nd tho.t ter.:i~~Al:s 1 ~ 2 or the plur; are CO!L"ltote4 to 

;;rolllli. Th16 ;;rollndi:r-& prevents the bl' ida or the corretpo;11llf: bpllt 

01' Clthar DD118o ' ~to& trou picid:1;; 11p any cross-tz.lk 

.~ - s;:ifter. The - :obitter cultiplioa 'by n."~t1vo btog-al 

~mrs ot ton. In t~lS.S c:u•. tl"L ll.ilUSod tom1Dals or thG :lOcket (100 

til: ::rG;l=r Clllii'P1 !I:!Cnt. ThiiB, it li99430 b rr;ulti~l1~d by one tenth tb11 

retult 1s 1&999430, Thlla, the Pl.: 1~ (terminal 11 on S) !lllllt 'be ccmnc:ctocl 

to tcn:ina1s 9, 10, and 11, em p 1n th~ c:.&" ot A -2 sbirt.:r, An daptcr 

ot ~i: type m11st be used on th' inpy.t to an ncCIIIIIllator s1!1Co othcrwiiG 

til=!'!! tnr.s~i';tcr ~~·t1111d ha'\"oo to drh-c thrcc. diff""'nt di.oit li.D~S I.D:;t* 

ot jur. "n.: di~;it lin.- and t.'lrcc g ids ot th-. L"l:llllt .,;atc;s to tho accu;;!lalator, 

11,, ?ULSZ .~o.l'i..li'Iat Uili'l 

Ot ·l~v~n. st&adar4 trCn.:ittcra ;,. puls:. CI:I!Jliticr 11.1it consisu ~ 

llhic:!l int~rcon.•cct to trunks. Sine,. the; buffer unit transmits in Ol!l:r 

O:tc dirQttion, t·.7o u.nits woul:i be n;; .. clod to Cllllplct.1)' intcrcon..u.ct two 

•-·-·· ft p;.rticu.l..r dibit trllllk, tor .. """•• In countin;,; thA:: 1o~:.d. units on ~ 

onl v one; le.:..! l'.i1it IID4 
lllr.l':pl~. th:; input to t<1.a 'bllti'&r llnit counts -'1 ~ 

I 

• 



n., 
liD" tba butter l:.,it cont-ins its cr.m tr..nsm1ttera DOlle ot .... _ ,_ ~ . 

- -•iu 
rl tile trll:lk tr..olSolittod into count ~ 11e1116 Oll tlle flnt tnat. 

!baa, 

~· buf'ter u.nits -11~ the oper;..tor to pr~iA •• l.l7 d .. , 011 .. _.. tile Dlllllber-

rl11011ts waidl 'IIW.7' 1ae Clr.1MCted to;;cthar 710. &. cli;;it tra IJCtC;. 

l'"ile !lllf'fcr IL11ta i..l'e deS1.;ncd to Eit 011 top ot -
M r;r~~~~p or P'~ 

~;~: l:l' di.;it -:;r-ys o 'Zhc u.,lt:: c:c·:ttll.in th.;ir own tr;.ru;tor.-crc rr.r 

~;q;~lyir.<;. the ; • ..,.;.tur vol t.;..;;as o The d-e: powc.r o.nd the ;;.c powrr.r ror tiiD 

~tors is turni:rhod by &.>c_ic.:ta loc;~ot.;d nc:IU' til:: flc.or ::'-tr...::D :;a:c:._, 

l:.:=r:~' ll~ -nd t;::n :.nd bctw .. -.n ;.c:c:uml!l&.t•Jr~ f'curtc.on o.n:J. rttt-:.ca. 

ll.S S'!'.,T:C OUTFU'l'S 

::&:h decade IIJ'IIl P:~ unit of' e?ery accw:~ulator ba: a static output 

:!rc~&it;, a lar;e r"i.stance 1:; placed 1n ~~r ie:; ~dt!l each ::tatic output 

li:zo 'l';Ol) t be ca:.::tri;1t thu::: introduced into tac ;;t;i.tic 111.:tput circuit= 

lJ l&:j;e cnou)l ::o tlla.t 0116 a:ldition titie ..:u::t be allovd tar tll8 Op!l'&­

till:l Of ather Circllit:; from t~so Ol:tpl:t::o ?.C7.7C7.;.1', iloC:&U::il ~ ;;pt• 

1£ :.. ~tc.tic one.. t;;1o:;rc; 1:; no cro£::-talt !lroblan, and WlshilllG.o.ll -;;irol 

co:o b .:=c.~ tor tl-.o stL-tic c~:.bl.::a, 

St::.tt.c c.o.bl;..~ :u-;;; 11::.::d to iilterCOD!Iect UDitli 111 tl:a toll~ 

(1) l'o con.1ect the m~&ltiplic.r aDd Dlllltiplic;:.nd acc.llllllatar: to 

the r.llltiplhro ue p::;;.~301, 
ha c=rt&l.n ~c:&:les 

( !) 'i'o COill!c.Ct certai.l aCCilLIUlator:; .and ~r P' 

ot the u:tcr pro.;rm.--:~er to tho priilter, :::eil :!'7-12-30&o 



II . I 

(S) ?o co:UlOct tho Pl.. unlt ot t!lll a.:;aratar IDil dallCI:.ID&tar 

.-.uatiii'S to th.: cU -:l:ior. sac. r."-10-:SOS. 

D.6.1 ~dal Progr~E JUDpcr• 

.J.:; ~ell as t:ir.; I"CGUIIIF 1'"'..-n-~= do::crl~ Ia Sc:ctiaa 

7f1p;.1 oat?ut :!.ir::ctly to. a.,oth;;r pl"OJE. u~. rill; jiii'!}U' 1s ~-slcaUJ 

ci:;.r&.;teriae4 by hadn~ D.D extro. lon.; ;:"lUi; l!.t cme eai 1l!lich CCIDtUJI: U. 

kilt-in loa;i resistor. Such a jumper musi; ~~ be usecl iD caa;;ectiiiD 

•• 1'-~0JIIi:l ju:ap~r i:~ a juwpcr '!l'iC. c..-.~. plu.,"' atu;W. It 

Is liSd to cou. ... :.t t-.;o ~arby FOJ= tei'!liazls (input ar 0111~) to tile 

Eca :;:ro;;:-c li=. It hu no built-in ruiatar so ca.:. ~ctiDD !31111: 

11.&;.2 ~~:ll" Intorcon~octice, ii•".;l.;~~ 

l'h;;r• ar~ :SJii' cia.l int;;rcon.,;ct!on «4~hs ~ ld iiiii:.S tar 

< • ~t 
CSJ 'lrit~ a.cerd,.~ars ~;ohich ict.r~iDC ~:l\cta.r t:1;7 i-Ct ,.. u:a 

~, .u··lt ~c.cktar. 
~:c;;:;ahtors or -~~et.'t:.r t·.:o ... ccllilll&la.tor~: :-...-t _; "' t;toil• • ...., 

, ?ar a !ltscr i;ticm of thust: c:..lJlc.s • seer :?.6: 5 30L 



,~ulc.tars, :nj .acco!l!lJ, thos;. thr.t 1ntc.roolliic::ct the tllr.M •ulUplS., 

]1111111, In the latter cla.ssH'icat1on, damage to ciJ'cuit eler~~nta ... 

1hort ci;cu1 ts across tiu1 pO'nr IIIP:}ly may be ca111ed 'bJ erreaeauq 
' 

plllb&iil& a -:able into the ·.tro:~g tocket, This pouib1UtJ1s anlilel )f 

rer.o'l'lJII ~rong& t'rca pl11~s, ar.d tilling corre&poDdillf; loeb~; 11o1e
1 

(ll!ilre not u&od) in s~acb ~.,e.ttor;UI that errone0111 COIIt..cctioU an iapoe•'\Js. 

R•terJnCOJ sho11ld be made to tho tollCIIrlD& d1a&,na1 

lnt~rconnc.ctiaa at B1Gb-~bca4 
~ultiplior vi~~ ~soclato4 
;.ccw;.l&la tor • 

Static Output C&blo 

!·Ccwlillla.tor IDtercOIUIMtor Ca'bJ.. 
(:.;ui t.) 

PI-4-111 

P:&-5-Ul 

Cross reference sho11ld be made. to tho Operator' 1 i.Gual, 

ll,S.C. Div:1dcr Intcreo ... >mection Cables and :.da,F.~!!. 

SiMe ·l:.he divider IUld &q~aare rooter 1ervcs lar~lf to JlrOlF• 

!;s asso~i .. ted a::e=ul:ltQT&, those intercolUliiCtiODB wic!a i:llllt 'be 

established betvteen t:"lll t;Y&> ~~nits mo;1';;ionc.d tor tho purpose ot c-s-

:&t!.'l£ pro.;ram i;1struct1ons ue ~MD.'ir. thro11&)1 cablea u illustra.ted • 

1'1.10-307, ;·,•hicll ~a;ol::JG r.u.kes further rotonnco to spocial cablos 1114 

daptllJ'a 111cd, 

Cross r.-.torcnc.:> :::ho~ald be. mc.do to tho D:i!cratorls itUUilt 

ll,fi,S Function Ta!l)c. •• dapt..cn 

In or~-r to di:::connt:ct the 9F ~a.tes (il' ~:.nd L'') troa till 

: 1:/!IChron i z bg •ftd to con.,~ot tbr.IG ~tol to 
.:r~~ 11;'16 eu:- rying tho; gp • -· 

I 

! 
' 



Ulll oarryin& the CPP 1n the lame trllnlc, 1111 adaptor (P1.4.llt) 11 1111
._ 

adaptor is coMected where the a;vnchron1&1ng Jlllllll trw plup 1al:e 

liUk ol panel flo. 2 or tho function table. 

· pther Ada'DtOEf 

The re~:~aining adaptors may 'toe clanitlect u; I) special apt 

141111:ora, 2) digit-pror;riUII ada!!tors, and S) printer da)!te1. 

The tirst group. consists or adaptors which CCII\la. lhlftS.C _. 

llle1:1111: character ist1ca ucl· are ahCMil on P:L&-117. 

T!Je. seen group servos to make possible the llSe ot digit tra:p 

Er.ch adaptor (thr.re are so) consists ot a boz witlla 

IZ..'If'CIIIl!: digit plug at one end, ccmnr.cted to a mo~mted &J'Oilp ot 11, tw. 

prOi>J":llll sockets at the other. The so correspond to tho 11-prq 

rack•ats in th" digit tro.ys, :md the two-pro~~& plll&l ex: prop-aa oa'blll. 

The third grour con&i::ts of two ~o.pton. Adaptar A (R-11-llt) 

illllll.ltCt& the st.:.tic outpllt of st11gc ~ (or the printer 1ntero11n1111otiAD 

to o.ccu:nul::o.tor or c:;.stcr program:aer decade counter •tapa) to t11D 

in c-ch oi' two &ti>tic Olltpllt c•blca. Adaptor 8 is 111toel aD liD 

IOJmcc:t1cm is d-.s ired to tho Pl.i lc:;.d 1n tho st~:.tic out pat cables. 

~:ptor B is clso shO\m on P~l2-1Uo 




